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AGE, CORRELATION, AND BIOSTRATIGRAPHYOF THE
UPPER TOCUYO(SAN LORENZO) AND P0Z6N
FORMATIONS, EASTERNFALCON, VENEZUELA

Walter H. Blow
The British Petroleum Company, Limited

ABSTRACT

H. H. Renz (1948) proposed a biostratigraphical subdivision of the Agua
Salada group, eastern Falcon, Venezuela, based almost entirely on the occur-

rence of benthonic Foraminifera. The present work critically re-examines this

biostratigraphy in the light of new evidence from a detailed traverse along the

Poz6n-El Mene Road. The stratigraphical distribution of both benthonic

and planktonic Foraminifera has been investigated. Evidence from this traverse

shows that a direct correlation between the planktonic foraminiferal biozones

used in Trinidad and the subdivisions of Renz can be achieved. Furthermore,

whereas, in southern Trindad, Miocene sediments above the Globorotalia

menardii Zone, Lengua formation are devoid of planktonic Foraminifera,
corresponding sediments in eastern Falcon often contain abundant planktonic

faunas. Investigations show that, using planktonic Foraminifera, a further

subdivision of these higher sediments is possible. Three new biozones are

proposed within these middle to upper Miocene sediments.
Since the section in eastern Falcon is largely undisturbed by tectonic

complications, a confirmation of H. M. BoUi's (1950, 1957) planktonic zona-

tion based on surface and subsurface sections within the Cipero-Lengua
formations (southern Trinidad) is possible. Bolli's biozones are shown to have
more than local validity whereas the benthonic foraminiferal zonation of

Renz is strongly influenced by ecological conditions.

The age and a trans-Atlantic correlation of these eastern Falcon Miocene
sediments is discussed in the light of evidence seen recently in Sicily and Malta.

A number of evolutionary studies have been made within the Oligocene and
Miocene Orbulinidae and Globorotaliidae, and five lineages have been dis-

tinguished and are discussed. In some of these lineages, evolutionary changes
appear to have occurred in a repetitive manner. The first occurrence and
evolution of Glob'igcrina bulloides is discussed. Reference is also made to the

evolution and first occurrence of the genus Orhulina d'Orbigny, whilst the

wall structure and morphology of the genus SphacroiJinella Cushman, 1927 is

discussed in some detail.

One hundred seventy-four species of benthonic Foraminifera (including

two new species) and 72 species or subspecies of planktonic Foraminifera
(including ten new forms) are described or discussed.

The name Tocuyo is substituted for San Lorenzo, a term which is pre-

occupied by the name San Lorenzo formation in California (Arnold, 1906).

ACKNOWLEDGMENTS

This work was first initiated at the suggestion of H. G. Kugler

(Consulting Geologist to the Central Mining Investment Corpora-

tion) and H. M. Bolli (lately Senior Stratigrapher to Texaco Trini-

dad Inc.) whilst the writer was employed with Trinidad Lease-

holds Limited (now Texaco Trinidad Inc.), PoInte-a-Pierre,

Trinidad, B.W.I. The writer wishes to express his sincere thanks

to Kugler and Bolli for their stimulating suggestions, guidance



68 Bulletin 178

and helpful citicisms at all stages during the preparation of this

work. Both H. G. Kugler and H. M. Bolli were kind enough

to have extensive correspondence with the writer as well as read-

ing and discussing the manuscript subsequent to the writer's

departure from Trinidad. Further Bolli kindly supplied details

of his paper on the "Planktonic Foraminifera from the Oligo-

cene-Miocene Cipero and Lengua formations of Trinidad" prior

to its publication. For this privdege the writer is deeply grateful.

The writer also wishes to thank F. E. Fames (Chief Palaeon-

tologist, The British Petroleum Company Limited, London) for

many discussions on various aspects of Miocene stratigraphy, also

for reading and discussing the manuscript. Miss G. N. Birnage

(Librarian of the Palaeontological Department, The British Petro-

leum Company Limited) also gave the writer highly valued biblio-

graphical assistance during the final preparation of this paper.

The writer's thanks are also due to Miss Ruth Todd (U. S.

Geological Survey), who supplied Recent material for comparison;

to J. B. Saunders (Trinidad) and J. P. Beckmann (Cuba), and

W. J. Clarke, F. T. Banner, and J. Seymour (London), all of whom
discussed various aspects of this work.

Finally, the writer is indebted to the Chairman of The British

Petroleum Company Limited for permission to publish this paper.

L INTRODUCTION

PAST WORK

In 1948, H. H. Renz made a detailed study of the ben-

thonic Foraminifera of the Agua Salada group. District of Acosta,

eastern Falcon, Venezuela, (Maps 1, 2). He erected a biostrati-

graphic term based almost entirely on the stratigraphic distribu-

tion of these bottom-living forms. Renz, in his detailed study, also

reviewed the biostratigraphical and lithostratigraphical studies of

many earlier workers, notably Thomas (1924), Senn (1935),

Cushman and Renz (1941), and Renz (1942). Much of the strati-

graphical terminology used by these earlier workers has become

obsolete and superseded by Renz's (1948) detailed and compre-

hensive work.
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Map 1 Geographical posii'ion of Eastern Folcon and Trinidad.

LEGEND: Area of map 2

shaded thus

Sketch mop of the Eastern Falcon. Venetuelo, Rcgl^

Showing the geographicol position of the

POZON- EL MENE ROAD SECTION ( A - B )
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Renz (1948, p. 8) pointed out that the term "Agua Salada

Group" first appeared in a paper published in 1937 ( Wiedenmayer)

although this term has been used as early as 1919 in private reports

to oil companies by M. L. Thomas.

The Agua Salada group has been divided on lithological

grounds into two formations, i.e., an older San Lorenzo formation^

(type locality at El Mene de Acosta) and a younger Pozon forma-

tion (type locality at Pozon). Renz (1948 pp. 8-27) also reviewed

the lithology of these two formations (including work by J. C.

Griffiths ) and pointed out that the following lithological sub-

divisions have been generally recognized by field geologists em-

ployed by oil companies operatmg in the area: —

OJO DE AGUAFORMATION

Huso Clay member
|

Husito Marly-Clay member I Pozon Formation

Policarpio "Greensand" member
J

Menicito Clay member

El Salto Sand member

a
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The type section of the Pozon formation was chosen by Renz

along the Loma Luca traverse (see Map 3) whilst the type section

for the San Lorenzo formation was chosen at El Mene de Acosta.

EASTERNFALCON. VENEZUELi

Renz (1948, pp.69-76) further subdivided his Robulus senni

Zone into three "Zonules": —
Elphidium poeyanuw.-Reussella spinulosa Zonule,

Textularia panamensis Zonule,

Vaginulinopsis superbus-Trochamrnina cf. pacijica Zonule

but pointed out that these zonules could be recognized only in the

Pozon area and not in the El Mene area to the east of Pozon (see

Map 2). The relationship of Renz's biostratigraphical subdivisions

to the generally accepted lithological subdivisions is shown on the

right-hand side of Chart 1 and on Map 4.

Renz (1948, p. 38 et seq.) considered the San Lorenzo formation

to be of middle and upper Oligocene age whilst the Pozon formation

was considered to range from upper Oligocene to Miocene (Tor-

toman) times. However, when assessing these ages ascribed by

Renz, it is necessary to remember that Renz (1948, p. 26) placed
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the Aquitanian in the Oligocene and considered the Miocene to

commence with the Burdigahan stage. The present writer discusses

these age relationships in some detail at a later stage in this study,

but would state here that, following the recommendation of the

U. S. Geological Survey, he regards the Aquitanian as basal Mio-

cene.

SCOPE OF THE PRESENTWORKAND MATERIAL

Whereas in eastern Falcon the biostratigraphical subdivisions

of the Agua Salada group were, previous to this study, made in

terms of mainly benthonic Foraminifera (Senn, 1935; Cushman and

Renz, 1941; Renz, 1948), in southern Trinidad the emphasis has

been to use planktonic Foraminifera (mainly because of their abun-

dance) for the zonation of the Cipero and Lengua formations

(Cushman and Stainforth, 1945; Stainforth, 1948a; Bronnimann,

1951; Bolii, 1950, 1951, 1957) so that a direct correlation between

the areas was not possible previous to this study.

It was suggested to the writer by Dr. H. G. Kugler and Dr.

H. M. Bolli that an investigation of the planktonic Foraminifera of

the Agua Salada group would permit a direct comparison to be

made between the benthonic biostratigraphy of Renz and the

planktonic biostratigraphy used in southern Trinidad. This investi-

gation has now not only provided a confirmation of the succession

of biozones recognized in Trinidad but has also shown that these

planktonic biozones have more than local validity. The eastern

Falcon succession (in contrast to the succession in southern Trini-

dad) appears to be complete and not so much disturbed by pene-

contemporaneous slumping and reworking of Foraminifera. Conse-

quently, the present study has enabled some further refinements

to be made to the planktonic biostratigraphy of the Caribbean

Miocene. This study also emphasizes the value of planktonic Fora-

minifera for long distance correlation of heterotopic sediments.

This work is based on the faunal analysis (of both planktonic

and benthonic Foraminifera) of over 700 closely spaced auger and

pit samples collected by Dr. R. Muhlemann from a detailed tra-

verse, along or ofT-set, from the north to south section of the

Poz6n-El Mene Road between Caiman and Buena Vista (Maps 1,
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2, 3 and 4). Map 4 shows in detail the positions of Muhlemann's

samples which are, in general, equally spaced and follow consecu-

tively between the "key" samples actually indicated. The geo-

graphical relationship of this section as shown on Map 4 is given

by reference to the letters "A" and "B" on Maps 2 and 3.

This Poz6n-El Mene Road section, which is about 2,000

metres west of Renz's Loma Luca section, extends from the upper

part of the San Lorenzo (Tocuyo) formation through the Pozon

formation into the overlying Ojo de Agua formation. Since this

Poz6n-El Mene Road traverse was sampled m detail and each

sample collected at intervals of approximately five metres, it has

been possible to make a close check on the ranges of the Foraminifera

described in this paper. Also it has been possible to make some

evolutionary studies for some groups of planktonic Foraminifera.

In addition to the samples collected by R. Muhlemann from

the Poz6n-El Mene Road, the original samples used by Renz

from the Loma Luca (Renz, 1948 —Table No. 4) were available

to the writer so that it was possible to note with precision the

factors governing the position of Renz's various zonal boundaries.

Furthermore, samples from the nearly completely cored Pozon Well

3 and El Mene Wells 7 and 47 were also investigated.

The writer (Blow, 1956) published a preliminary correlation

between the two biostratigraphies, and Chart 1 shows this correla-

tion in the light of further evidence. Map 4 shows in detail the re-

lationship of the zonal boundaries of both types of biostratigraphies

to each other and in conjunction with the sequence of samples

studied along the Poz6n-El Mene Road traverse.

IL PLANKTONIC BIOSTRATIGRAPHYOF THE UPPER
TOCUYO^ANDP0Z6N FORMATIONS

Based on the stratigraphical occurrence of planktonic Foramini-

fera the author has been able to recognize the following biostrati-

graphical subdivisions of the upper part of the Tocuyo formation

and the Pozon formation as seen in the detailed traverse along,

- Hereafter, Tocuyo, see Appendix, will be used in place of San Lorenzo
formation.
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Tocuyo should be substituted for San Lorenzo formation.
(Note: No vertical scale implied and intervals represented diagrammatically.)
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or off-set from, the Poz6n-El Mene Road between Caiman and

Buena Vista (see Maps 2, 3, and 4-points marked "A" and "B"): —
10. Globigerina bulloides Zone

9. Sphaeroidinella seminulina Zone

8. Globorotalia menardii menardii/ Globigerina nepenthes Zone

Gr. mayeri/G. nepenthes

Subzone

Gr. mayeri/Gr. lenguaensis

Subzone

7. Globorotalia mayeri

Zone {s.l.)

6. Globorotalia fohsi robusta

Zone

5. Globorotalia fohsi lobata

Zone

4. Globorotalia fohsi fohsi

Zone

3. Globorotalia fohsi barisanensis

Zone

2. Globigerinatella insueta

Zone (s.l.)

1. Catapsydrax stainforthi Zone

Colloquially

referred to as the

Globorotalia fohsi

"Zone" (s.l.)

G. insueta/G. b is ph erica

Subzone

G. insueta/G. triloba

Subzone

The base of the Pozon formation (as represented by the base

of the Policarpio "Greensand" member) occurs within the Globi-

gerinatella insueta/ Globigerinoides bispherica Subzone. The zonal

boundaries of the zones are defined on Map 4 and the direct cor-

relation of these planktonic zones with Renz's (1948) benthonic

zones is also given on the same Map.

The planktonic zones and their associated subzones are dis-

cussed below and the diagnostic faunal elements of each zone are

briefly noted. The complete benthonic and planktonic foraminiferal

content of each interval is summarized on Chart 2 and Chart 3

respectively.
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1. Catapsydrax stainforthi Zone, Tocuyo formation (in part)

This zone is defined by the limited occurrence together of Cat-

apsydrax dissimilis (Cushman and Bermudez) and Globigerinatella

itisueta Cushman and Stainforth. Glohnquadrina rohri (Bolli)

only occurs in the lower part of this interval. Catapsydrax unicavus

Bolli, Loeblich, and Tappan does not range higher than the top of

this zone and although Catapsydrax stainjorthi Bolli, Loeblich, and

Tappan is not limited to this interval, it is a conspicuous member

of the zone's fauna.

The base of this zone is not seen in the Poz6n-El Mene Road

traverse but, from evidence seen in the subsurface sections of

Pozon Well 3 and El Mene Wells 7 and 47, the lower boundary of

the Robidus zvallacei Zone (Renz, 1948, p. 45) still occurs within

the co-existence of Catapsydrax dissimilis and Globigerinatella in-

sueta so that the topmost part of Renz's "Uvigerinella" sparsicos-

tata Zone can be correlated with the basal part of this planktonic

biozone.

2. Globigerinatella insueta Zone (s.l.), Tocuyo formation (upper

part) and Pozon formation (lower part)

This zone spans the uppermost part of the Tocuyo formation

and the basal part of the Pozon formation as seen in the Pozon

area of eastern Falcon.

The writer recognizes two subzones within this zone which are

based on the evolution of Globigerinnides bispherica Todd (as

emended by Blow, 1956, p. 62) from Globigerinoides triloba triloba

(Reuss). The zone is distinguished by the presence of Globigerina-

tella insueta Cushman and Stainforth but Catapsydrax dissimilis

(Cushman and Bermudez) and Catapsydrax unicavus Bolli, Loeb-

lich, and Tappan are absent.

2a. Globigerinatella insneta/Globigerinoides triloba Subzone

This subzone is separated from the overlying subzone by the

absence of Globigerinoides bispherica. Catapsydrax stainforthi oc-

curs in this interval but does not range to the top of the subzone.

Globigerinoides diminuta Bolli first occurs in the upper part of the

interval but does not become common until the interval of the
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overlying Globigerinat ella insueto/Globigerinoides bispherica Sub-

zone. Globigerinoides triloba triloba (Reuss) is particularly com-

mon in this interval.

Robulus zvallacei (Hedberg) becomes extinct in this interval

and last occurs in Sample RM 19179 (see Map 4).

2b. Globigerinatella insueta/ Globigerinoides bispherica Subzone

This subzone is characterized by the occurrence together of

Globigerinatella insueta and Globigerinoides bispherica. The evolu-

tion of Orbulina and Biorbidina from Globigerinoides bispherica via

Porticulasphaera glomerosa- (Blow) and Porticulasphaera transi-

toria (Blow), respectively, occurs within the upper part of this

subzone (Blow, 1956).

Globigerinoides difninuta Bolli also characterizes this interval

and, although it ranges from the uppermost part of the underlymg

subzone, it does not range into the overlying Globorotalia fohsi bari-

sanensis Zone. Globorotalia menardii archeomenardii ( Bolh ) first

appears within this subzone.

Globorotalia Fohsi "Zone" (s.l.), Pozon Formation (in Part)

Before discussing the next four zones, which are based on the

subspecies of Globorotalia fohsi, it is necessary to outline a short

historical review of Bolli's work (Bolli, 1950, 1957) with reference

both to the various subspecies of the species and to their biostrati-

graphical usage.

Bolli (1950) recognized that certain other types of Globorotalia

show evolutionary relationships to the form described by Cush-

man and Ellisor (1939) as Globorotalia fohsi. Bolli established,

by detailed study of continuous surface and subsurface sections in

the Cipero formation of southern Trinidad, that there was a grada-

tional sequence extending from a form recorded by LeRoy (1939)

as Globorotalia barisanensis to a form described by Bermudez

(1949) as Globorotalia lobata. Bolli (1950) considered these two

latter types as subspecies of the "central type" Globorotalia fohsi;

at the same time Bolli also recognized that the evolutionary trend

continued beyond the subspecies "lobata" and distinguished a

fourth and final subspecies as Globorotalia fohsi robusta. These

ohylogenetic studies were adopted by other authors (Bronnimann,
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1951a) who used the occurrence of these various subspecies to de-

fine subzones of the Globorotalia folisi Zone. Later (BolH, 1957),

these subzones were afforded the biostratigraphical rank of zones.

The present writer agrees with this later view since it has become

estabHshed that the intervals in question can be recognized not only

in various parts of Trinidad but also in eastern Falcon. Further-

more, since the zonation is based on a well-defined evolutionary-

sequence, biological principles suggest that the zonal boundaries

should be isochronous within the limits imposed by the rates of

faunal migration and genetic interchange.

The term Globorotalia fohsi "Zone" (s.l.) is retained in the

present work purely as a convenience when discussing the range

of some of the Forammifera.

3. Globorotalia fohsi barisanensis Zone, Pozon formation (in part)

This zone is distinguished by the presence of Globorotalia fohsi

barisanensis (LeRoy), Orbulina suturalis Bronnimann, Orbulina

universa d'Orbigny, and Biorbulina bilobata (d'Orbigny) combined

with the absence of Globigerinatella insueta Cushman and Stain-

forth. Globigerinoides bispkerica Todd persists only into the ex-

treme basal part of the zone. Below this zone, and within the

underlying Globigerinatella insueta Zone (s.l.)y Globorotalia fohsi

barisanensis is small and with a generally rather lobulate periphery

with fairly well-incised sutures. However, in this zone, Globorotalia

fohsi barisanensis has less deeply incised sutures and the periphery

is practically nonlobulate. F'urthermore, the ventral side shows

a tendency to be rather more definitely vaulted than in the earlier

forms of the subspecies.

Globorotalia scitula scitula (Brady) appears for the first tune

in the uppermost part of this zone.

4. Globorotalia fohsi fohsi Zone, Pozon formation (in part)

This zone is characterized by the presence of Globorotalia

fohsi fohsi Cushman and Ellisor and Globorotalia menardii -prae-

menardii (Cushman and Stainforth). Globorotalia scitula gigantea

Blow, subsp. nov. appears in the upixT part of this interval for

the first time.

Siphogenerina transversa Cushman becomes extinct at about

the middle part of this interval (Sample No. RM 19.S76 —see Map
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4) whilst VoLvulineria herricki (Hadley) first appears in its upper-

most part (Sample No. RM 19381).

H. H. Renz (1948) recognized a "G/ohorotalia folisi Zone"

between his Siphogenerina transversa and Valvulineria herricki

Zones and reference to the sample ongmally used by Renz (see

Renz. 1948, Table No. 4-samples filed in the collections of

Texaco Trinidad Inc., Pointe-a-Pierre) showed that the samples

referred to by him as his "Globorotalia fohsi Zone" contam forms

referable to the subspecies Globorotalia fohsi fohsi Cushman and

Ellisor and Globorotalia fohsi lobata (Bermudez). Hence it ap-

pears that the ^'Globorotalia fohsi Zone" of H. H. Renz is equiva-

lent to part of the Globorotalia fohsi fohsi and the Globorotalia

fohsi lobata Zones as used by BoUi ( 1957) and the present writer.

5. Globorotalia fohsi lobata Zone, Pozon formation (in part)

This zone is characterized by the presence of Globorotalia

fohsi lobata and Globorotalia menardii praefnenardii. Globorotalia

scitula gigantea Blow, subsp. nov. is also present whilst Globigerina

bulbosa LeRoy and SphaeroidineUa seminulina kochi (Caudri) ap-

pear for the first time within this zone.

6. Globorotalia fohsi robusta Zone, Pozon formation (in part)

This zone is distinguished by the presence of Globorotalia fohsi

robusta Bolli. Globorotalia menardii menardii (d'Orbigny) develops

from Globorotalia menardii praemenardii (Cushman and Stain-

forth) in the middle part of this interval, and SphaeroidineUa de-

hiscens subdehiscens Blow, subsp. nov. occurs for the first time in

the uppermost part of this zone. SphaeroidineUa se-rmnulina kochi

(Caudri) becomes fairly common in this zone.

7. Globorotalia mayeri Zone (s.L), Pozon formation (in part)

This zone is characterized by the continuing presence of Glob-

orotalia mayeri Cushman and Ellisor after the extinction of Glob-

orotalia fohsi robusta. Globoqitadrina altispira globosa Bolli re-

appears from the base of the interval and although Globorotalia

lenguaensis Bolli first appears in the topmost part of the underly-

ing interval it only forms a significant component of the fauna in

this zone.
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The writer recognizes two subzones within this interval in

eastern Falcon:

7a. G/ohorotalia mayeri Glohnrutalia lenguacnsis Siibzone

Ihis sLihzone is characterized by the co-existence of Globoro-

talia mayeri and Globorotalia lenguaejisis combined with the ab-

sence of both Globorotalia fohsi robiista and Globigerina nepenthes

Todd. Globigerinoides bollii Blow, sp. nov. first occurs at the base

of the subzone.

7b. Globorotalia mayeri/Globigerina nepenthes Subzone

This subzone is characterized by the co-existence of Globoro-

talia mayeri and Globigerina nepenthes. Globigerinoides bollii and

Sphaeroidinella dehiscens subdehiscens both become common within

this interval.

Margin uli)iopsis basispinosus ( Cushman and Renz) first oc-

curs in sample RM 19671 within this interval (see Map 4).

8. Globorotalia meyiardii ^nenardii/ Globigerina nepenthes Zone,

Pozon formation (in part)

This zone is distinguished by the continuation of Globigeri?ia

7iepenthes Todd after the extinction of Globorotalia m,ayeri Cush-

man and Kllisor. Globorotalia menardii menardii is often abundant

and typical. Globorotalia acostaensis Blow, sp. nov. occurs for the

first time within this zone whilst Globigerina bulloides d'Orbigny

develops from Globigerina praebulloides Blow, sp. nov. in the mid-

dle part of this interval.

Occasional specimens of Globigerina apertura Cushman have

also been observed in the upper part of this zone. Transitional forms

to Globorotalia menardii miocenica Palmer also appear at the top

of this zone.

9. Sphaeroidinella seminulina Zone, Pozon formation (in part)

This zone is marked by the continuing presence of both sub-

species of Sphaeroidinella semimdina, i.e., Sphaeroidinella semi-

mdina semimdina (Schwager) and Sphaeroidinella semimdina kochi

(Caudri), but it is highly likely that the latter subspecies becomes

extinct before the former.

Although the possibility exists that the upper limit of this

zone is influenced to some extent by facies change, evidence seen
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in two subsurface sections on the Island of Cubagua (see Map 1)

also shows the same extmction of both subspecies of Sphaeroidinella

seminulina within similar planktonic assemblages as seen in this

Poz6n-El Mene Road section. Also, in the Cubagua subsurface sec-

tions there is no apparent change of facies.

10. Globigerina bulloides Zone, Pozon formation (in part)

Following the disappearance of Sphaeroidinella seminulina

(Schwager) there is no further change in the composition of the

planktonic faunas which tend to become rather impoverished in

the section under consideration. However, some isolated samples

show fairly rich planktonic assemblages which contain typical

specimens of Globorotalia menardii menardii, Globigemia bidloides,

Orbulina universa, Globigerinoides triloba immattira, and Globi-

gerinoides bollii amongst others.

Occasional specimens of Sphaeroidinella dehiscens subdehiscens

occur, but no specimens of the Sphaeroidinella seminulina group

have been observed.

The designation of this interval must be regarded as only

provisional since Globigerina bidloides continues to the present

time. Investigations of uppermost Miocene/ Pliocene planktonic as-

semblages from other areas might show that another planktonic

species with a more rigorously defined biostratigraphical occur-

rence may prove to be a better zonal index.

III. FACIES VARIATION IN THE UPPERTOCUYO
ANDPOZoNFORMATIONS

There are some differences in the stratigraphical distribution of

benthonic Foraminifera as recorded by H. H. Renz (1948) from

his Loma Luca section and that noted by the writer in the study

of the Poz6n-El Mene Road traverse. Most of these discrepancies

in the Tocuyo and lower part of the Pozon formation do not ap-

pear to be of importance from the point of view of biostratigraphi-

cal interpretation. These minor variations in stratigraphical distri-

bution are noted under "Occurrence" in the relevant parts of the

Systematic Record associated with this work. However, in the

upper part of the Pozon formation these discrepancies do become
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important. Thus the writer has noted the occurrence together of

Marginulinopsis basispinosus (Cushman and Renz) with Valvuli-

neria herricki (Hadley) which was not recorded by Renz. Also,

the occurrence of ValvuLinerio herricki is often only sporadic and

seems to occur only under apparently limited ecological conditions.

In general, it is often necessary to examine a number of samples

from either a section or locality to decide, unambiguously, their

position in the biostratigraphy of Renz. This is especially so in the

upper part of the Pozon formation where the evidence suggests

an approach to rhythmic or cyclic conditions of deposition.

Before discussing some of these effects of variation of environ-

ment on the stratigraphical distribution of benthonic Foraminifera

it is useful to review the general conclusions drawn by Renz for

the depositional conditions of the Tocuyo and Pozon formations.

These conclusions are summarized below and show that there is

an overall and generalized trend towards shallow-water conditions

in the upper part of the Pozon formation.

Zone (Renz, 1948)

Rob III us zvallacei Zone

(at El Mene)

Siphogenerina transversa

Zone

(at El Mene)

Globorotalia fnhsi Zone

(of Renz, 1948, at Pozon)

Valvulineria herricki Zone

(at Pozon)

Normal marine, open sea, deposi-

ti(Mi at medium depth (200-600

metres) along a continental shelf

in tropical latitudes.

Normal marine, open sea, deposi-

tion at medium depth (200-600

metres) along a continental shelf

in tropical latitudes.

Normal marine, open sea, deposi-

tion at medium depth (200-600

metres) along a continental shelf in

tro])ical latitudes.

Normal marine, open sea, deposi-

tion at medium depth (200-600

metres) along a continental shelf in

tropical latitudes.
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Margimdinopsis basispinosvs

Zone

(at Pozon)

Rob id us senni Zone

(at Pozon

)

Vaginulinopsis sivperbus-

Trochammina cf. pacifica

Zonule

(at Pozon)

Textularia panamensis Zonule

(at Pozon)

Elphidium poeyanutn-

Reus sella spinulosa

Zonule

(at Pozon)

Normal marine, open sea, deposi-

tion at medium depth (200-600

metres) along a continental shelf in

tropical latitudes.

Normal marine environment at a

shallow depth ( littoral-neritic ) oi

about 100 metres in tropical lati-

tudes.

Normal marine environment at a

shallow depth (littoral-neritic) of

about 100 metres in tropical lati-

tudes.

Normal marine environment at

shallow depths (neritic) of about

50 metres near a tropical coast.

Marine to brackish water lagoonal

condition with very shallow, warm
water conditions.

(Note: For the equivalence of the planktonic zones to those of

Renz—see Chart 1 and Map 4).

The environmental conditions of the Robidus zvallacei Zone

and the Siphogenerina transversa Zone as seen in the Poz6n-El

Mene Road section at Pozon do not appear to be significantly dif-

ferent from the conditions seen at El Mene and as summarized

above. However, a noteworthy feature of these zones in the Pozon

area is the occurrence of intervals with assemblages of mainly large

agglutinated species often with complex wall and chamber struc-

tures, such as: Cyclammina cancellata Brady, Alveovalvulinella

pozo7ie7isis (Cushman and Renz), GraveUina narivaensis Bronni-

mann, Valvidina flexis Cushman and Renz, Alveolophragmium spp.,

and robust species of Haplophragmuides. These assemblages are

similar to the assemblages of the Nariva formation of southern

Frinidad; but whereas the Nariva formation extends from the
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Globorotalia kugleri Zone through the Catapsydrax dissimilis Zone

and into the Catapsydrax stainjorthi Zone, in eastern Falcon the

similar assemblages extend stratigraphically higher into the Globi-

gerinatella insueta Zone (s.L). Stainforth (1948a, 1952a) considered

these assemblages of agglutinated species to indicate a turbid

water environment and Kugler (1953) related this turbid environ-

ment to the occurrence of turbidity flows in a subsiding trough.

These assemblages of agglutinated forms from the Catapsydrax

stainjorthi Zone and the Globigerinatella insueta Zone (s.L).

Tocuyo and Pozon formations, occur several times and are sep-

arated by assemblages of calcareous forms, often with abundant

planktonics, suggestive of a depositional depth between 200 and

600 metres. The writer considers that these assemblages of robust

and complex agglutinated species represent periods of localized

deepening and downwarping with minor turbidity flows giving rise

to temporary turbid conditions. This view is supported by obser-

vations of Lowman (1949) who pointed out that certain aggluti-

nated species (including Cyclammina) have an optimum depth

occurrence of about 1400 metres in the Gulf of Mexico at the

present day.

Above the Marginidinopsis basispinosus Zone, Pozon forma-

tion {i.e., above the Globorotalia vienardii menardii/Globigerina

nepenthes Zone) and within the intervals of the Robulus senni Zone

and the Vaginulinopsis superbus-Trochaynmina cf. pacifica Zonule

as well as in the Textularia panamensis Zonule there occur frequent

repetitions of fauna! assemblages in the Poz6n-El Mene Road

section.

In the Robtdtis senni Zone and in the Vaginulinopsis superbus-

Trochammina cf. pacifica Zonule these repetitions consist of inter-

vals with Uvigerina isidroensis Cushman and Renz, Bolivina im-

porcata Cushman and Renz and Bolivina simplex Cushman and

Renz, alternating with the "normal" zonal assemblages containing

Robulus senni Cushman and Renz, Vaginulinopsis superbus (Cush-

man and Renz), Cassididina subglobosus Brady, Cibicides spp.,

Globigerina spp., and Globorotalia spp.

In the Textularia panamensis Zonule a three-fold repetition

occurs. Assemblages with Eponides parantillanim Galloway and



TOCUYOAND POZON P\lRMATI()NS VENEZUELA: Bl-OW 85

Heminway, Nonion mcisus (Cushman), Cancris sagra (d'Orbigny),

Cibicides americanus (Cushman), Globigerina spp., and Globorotalia

spp. are followed by assemblages with Uvigerina isidroensis Cush-

man and Renz, Bolivina imporcata Cushman and Renz, and Bolivina

simplex Cushman and Renz. This last assemblage is followed in

turn by a mainly "arenaceous" assemblage with Textularia pana-

mensis Cushman, Textularia pozonensis Cushman and Renz, and

thin-walled Trochammina spp. It is considered that the Uvigerina

isidroensis- Bolivina imporcat a-B olivina simplex assemblage repre-

sents an environment shallower than that represented by the as-

semblage with the Epoyiides-Cancris-Cibicides-Globigerina-Globoro-

talia fauna, but deeper than environment represented by the mainly

"arenaceous" assemblage with Textularia panamensis-Textidaria po-

z nensis- Tro cham min a spp.

It is because of this repetition of faunal assemblages that no

clear distinction can be made between the Robidus senni Zone and

the Vaginulinopsis superbiis-Trochummina cf. pacifica Zonule in the

Pozon-iEl Mene Road section.

A further point concerning the composition of the faunas

throughout the upper Tocuyo and Pozon formations which needs

clarification is the proportion of planktonic specimens to ben-

thonic specimens present in each of the zones. Renz (1948)

analysed the faunal composition of each of his zones by calculating

the percentage of each foraminiferal family in the assemblage. This

method of analysis depends on the number of species recognized in

each genus belonging to the family and, since Renz recognized

only a few planktonic species, the Orbulinidae and Globorotaliidae

were, in general, underestimated.

The writer made a count of the number of planktonic and

benthonic specimens occuring in representative samples from each

zone. The results of this count and Renz's percentages of planktonic

families are compared in the following table (Table 1): —
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Stainforth (1948a, p. 1320) made counts of planktonic and ben-

thonic specimens for the Cipero formation of southern Trinidad

and gave the following results: —
Zone II {Globigerinatella insueta Zone)

2,197 pelagic to 37 benthonic specimens (59:1).

Zone III (Globorotalia fohsi Zone)

2,984 pelagic to 119 benthonic specimens (25:1).

Stainforth (1948a. p. 1323) also gave the following percentages

(no. of species and varieties as percentages of the Cipero fauna)

Globigerinidae 4.7% (= Orbulinidae of this work)

Globorotaliidae 1.6%

but pointed out that these two families form more than 90^ o of the

fauna in number of specimens within the Cipero formation.

Although the Cipero and Tocuyo/Pozon formations cannot be

considered as having been deposited under similar conditions, the

figures summarized above show that planktonic specimens are

present both in sufficient numbers and variety in the sediments

of the Tocuyo and Pozon formations to enable a correlation with

the Cipero and Lengua formations of southern Trinidad to be made.

IV. CORRELATIONOF THE UPPERTOCUYOANDP0Z6N
FORMATIONS(EASTERN FALCON) WITH THE

SOUTHERNTRINIDAD SUCCESSION

Cushman and Stainforth (1945), Stainforth (1948a), Bron-

nimann (1951), Suter (1951), Kugler (1953, 1954), Bolh (1950,

1951, 1957), and Higgins (1955), amongst other authors, have

discussed various aspects of the stratigraphy of the post-Eocene

deposits in southern Trinidad. The results of their studies is given

in a generalized and diagrammatic form on the left-hand side of

Chart 1 for sediments above the level of the Catapsydrax dissimilis

Zone. The right-hand side of this same chart shows the lithostrati-

graphy and benthonic biostratigraphy of H. H. Renz (1948) to-

gether with the planktonic biostratigraphy for the upper part of

the Tocuyo and Pozon formations. The correlation between the

two areas can be regarded as being firmly established, for the sedi-

ments of the two areas, between the Catapsydrax stainforthi Zone

and the top of the Globorotalia rnuyeri Zone (j"./. ).
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The Tociiyo and Poznn formations appear to have been de-

posited under conditions of lower tectonic intensity as compared

with the depositional conditions which seem to have operated in the

area of southern Trinidad at this time. Both Ku<rler (1953) and

Bolli (1957) refer to evidence within the upper Cipero formation

and Lcngua formation which suggests that penecontemporaneous

large-scale slumping and turbidity flows occurred during the depo-

sition of these formations, indicating tectonic movements of high

intensity. These features, which relate to an environment of high

tectonic intensity, appear to be absent in the Tocuyo and Pozon

formations. The lithofacies and biofacies of these latter formations

suggest deposition over a continental shelflike area which was, in

general, fairly stable.

Because the Tocuyo and Pozon formations were deposited

under fairly stable conditions and have subsequently not been

much disturbed by post-depositional tectonics, it has been possible

to add some further refinements to the planktonic biostratigraphy

]iroposed by Bolli (1957) for southern Trinidad. Furthermore,

whereas in southern Irinidad the mainly planktonic foraminiferal

faunas of the Lengua formation are replaced upwards by the mainly

agglutinated foraminiferal faunas of the Cruse and Forest forma-

tions, in eastern Falcon and the Pozon formation continues with an

abundant planktonic component to a much higher stratigraphical

level. This has lead to the necessity of redefining the Globorotalia

metwrdii men^rdii Zone as used by Bolli (1957) and earlier workers.

In southern Trinidad, the upper limit of the Globorotalia nienardii

menardii Zone has been taken at the change of biofacies to mainly

agglutinated faunas. It has long been recognized by workers in

Trinidad that the upper surface of this Clohorotti/ia menardii men-

ardii Zone IS diachronous since there is known to be an interdigita-

tion and transition between the Lengua formation and the lower

part of the overlying Cruse formation. Because of these factors,

the writer uses the partial occurrence of Glohigerina nepenthes

Todd above the extinction of Globorotalia mayeri Cushman and

Ellisor to define a new interval, part of which is equivalent to the

Globorotalia menardii ynenardii Zone of southern Trinidad. However,

because of the well-established usage of the term ''Globorotalia



TOCUYOAND POZON FORMATIONSVENEZUELA: BlOW 89

menardii menardii" the zone is designated the Globorotalia menardii

menardii/Globigerina nepenthes Zone. It is worthy of note that the

Lengua/lower Cruse transition beds (BoHi, 1951; Kugler, 1953)

also contain Globigerina nepenthes (BolH, 1957). The writer has

also observed this species in occasional "streaks" of calcareous

faunas seen in subsurface sections of the middle to upper Cruse

formation in the Barrackpore area of southern Trinidad, but has

not observed Globigerina nepenthes in some calcareous faunas as-

sociated with the lower Forest Clay (Guapo beds —Suter, 1951 =
base of the Forest formation, southern Trinidad). Hence, it is

tentatively suggested that the major part of the Cruse formation

lies within the Globorotalia menardii menardii/Globigerina nepen-

thes Zone as defined from the Pozon formation. The writer has

observed Sphaeroidinella seminulina seminidina (Schwager) m the

calcareous facies of the lower Forest Clay of southern Trinidad

and it seems likely that part, at least, of the Forest formation can

be correlated with the interval ascribed to the Sphaeroidinella

seminulina Zone as defined in the Pozon formation.

It is emphasized, however, that a correlation between southern

Trinidad and eastern Falcon, above the level of the Lengua forma-

tion, must still remain tentative owing to the lack of adequate

planktonic faunas in the Cruse and Forest formations.

Below the top of the Globorotalia mayeri Zone (s.l.) the cor-

relation between the two areas may be regarded as well established,

although the subdivision of the Globorotalia mayeri Zone {s.l.) has

not been recognized in Trinidad. It appears likely that a large part

of the Globorotalia mayeri Globorotalia lenguaensis Subzone is

missing in southern Trinidad, although it is noteworthy that Bolli

(1957, fig. 18), showed Globigerina nepenthes as first appearing

slightly above the base of his Globorotalia mayeri Zone in the

Lengua formation. The Globorotalia mayeri Globorotalia lengicaen-

sts Subzone may however be represented either in the mainly non-

planktonic foraminiferal assemblages of the Karamat formation, or

by the heterogenous assemblages of the Rio Claro Boulder bed

(Suter, 1951; Kugler, 1953). An unconformity or disconformity is

known to be present between the Cipero and Lengua formations in

some areas of southern Trinidad (Kugler, 1953).
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Bolli ( 1957, p. 101 ) pointed out that the previous study of

the present writer ( Blow, 1956) regarding the first occurrence of

Globigerinoides bispherica within the Globigerinatella insueta Zone

{s.l.) would permit a further subdivision of this zone. This sub-

division is formally proposed in the present work and two subzones

are proposed within the Globigerinatella insueta Zone {s.l.) in

eastern Falcon. As Bolli (1957) implied, the Globigerinatella in-

sueta/Globigerinoides triloba Subzone and Globigerinatella insueta/

Globigerinoides bispherica Subzone can be recognized in southern

Trinidad.

V. TENTATIVE CORRELATIONOF THE LOWERTOCUYO
AND GUACHARACAFORMATIONS(EASTERN FALC6N)

WITH THESOUTHERNTRINIDAD SUCCESSION

Although this work is based essentially on the samples collected

by R. Muhlemann from the Poz6n-El Mene Road traverse, and

the main object of the study has been to achieve a correlation of

the upper part ot the Tocuyo formation and the Pozon formation

with their equivalent sediments in southern Trinidad, other samples

from the subsurface sections of Pozon Well No. 3 and El Mene
Wells No. 7 and 47 (see Map 3) were also studied. These subsurface

sections penetrate the lower part of the Tocuyo formation and

most of the Guacharaca formation.

It appears that the upper part of the "Uvigerinella" sparsico-

stata Zone belonging to the lower part of the Tocuyo forma-

tion ( Renz, 1948, p. 30) can be correlated with the basal part of

the Catapsydrax stainforthi Zone and the Catapsydrax dissimilis

Zone. The lower part of the "Uvigerinella" sparsicostata Zone be-

longing to the upper part of the Guacharaca formation probably

correlates with the Globorotalia kugleri Zone (Bolli, 1957). Finally,

the middle and lower parts of the Guacharaca formation appear

to be eqmvalent to the Globigerina cipcroensis ciperoensis Zone,

Globorotalia opi^na opima Zone and the Globigerina ampliapertura

Zone as estabhshed by Bolli for the lower part of the Cipero forma-

tion of southern 1 rinidad (see Chart 4).
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CHART4. Provisional Correlation of the lower Part of the Tocuyo
and Guacharaca Formations.

o
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VI. AGE OF THE GUACHARACA.TOCUYO, AND
P0Z6N FORMATIONS

Renz (1948, pp. 50-55) considered his Siphogenerina transversa

Zone to extend from the upper Chattian to the lower Aquitanian.

Both these stages were ascribed to the upper Ohigocene so that the

boundary between the Tocuyo and Pozon formations was considered

to occur within the upper Ohgocene. Recent work by Fames (1953),

Drooger (1956), Fames and Chirke (1957), and the present writer

(Blow, 1957) has shown that the ages ascribed by Renz need some

modification.

Fames and Clarke (1957) and Blow (1957) have pointed out

that Orbulina appears for the first time in the uppermost Aquitanian

m various parts of the world including the Fast African and Medi-

terranean regions, whilst the first occurrence of this form has also

been shown to occur in the upper part of the GlnbigerinateUa insu-

eta/Globigerinoides bisph erica Subzone in both southern Trinidad

and eastern Falcon (Blow, 1956). Blow (1957) also pointed out

that the planktonic faunas seen in the Aquitanian and Burdigalian

of Sicily and Malta can be matched in Trinidad and Venezuela

and he has correlated the Burdigalian Aquitanian boundary as seen

in Sicily and Malta with the boundary between the Globorotalia

johsi barisanensis Zone and the Globigerinatella insueta Zone {s.l.)

of the Caribbean region. Blow ( 1957) also reviewed evidence given

by Ruscelli ( 1956) from the Rio Mainia section in Italy and ten-

tatively correlated the Helvetian/Burdigalian boundary with the

boundary between the Globorotalia menardii menardii/Globigerina

nepenthes Zone and the Globorotalia mayeri Zone (s.l.). This

correlation was based essentially on the record by Ruscelli of Glo-

borotalia mayeri in the Burdigalian and its absence in the Helvetian

of the Rio Mainia section.

However, Ruscelli (1953, p. 165) recorded Globorotalia mayeri

Cushman and Ellisor in the Helvetian of Rio Mazzapiedi-Castel-

lania in Italy where it occurs with Globorotalia tnemardii menardii.

The writer also notes that Ruscelli ( 1956) did not record this latter

sepcies from the Burdigalian of the Rio Mainia, and he, therefore,



TOCUYOAND POZON FORMATIONSVENEZUELA: BlOW 93

now tentatively places the Helvetlan/Burdlgalian boundary at the

top of the Globorotalia fohsi rohusta Zone in the Caribbean (see

Chart 1), since Globorotalia menardii menardii (d'Orbigny) first

appears only in the upper part of this interval.

The writer has not observed Globorotalia inayeri in the Tor-
tonian of Sicily, but has observed Globorotalia acostaensis Blow sp.

nov. commonly in this interval. Since Globorotalia acostaensis

shows some resemblance to Globorotalia mayeri, it is possible that

records of the latter species in the Tortonian {i.e., Giannotti, 1953)
may be mcorrect and possibly referable to Globorotalia acostaensis.

The writer now points out that the origin and first occurrence
of Globorotalia acostaeyisis is above the extinction of Globorotalia

mayeri, m sediments now regarded by the writer as being equivalent
to the Vindobonian.

Furthermore, Globigerina bulloides d'Orbigny, as distinct from
Globigerina praebulloides Blow, sp. nov., has only been seen in Tor-
tonian strata in Sicily, not in earlier Miocene stages. In this study
It is also pointed out that Globigerina bulloides develops from Glo-
bigerina praebulloides in the middle part of the Globorotalia men-
ardii menardii/ Globigerina nepenthes Zone in eastern Falcon. Again
the writer has observed Sphaeroidinella seminulina seminulina
(Sch wager) and Sphaeroidinella dehiscens subdehiscens Blow, sub-
sp. nov. in the Tortonian of Sicily, but has not observed Globigerina^

nepenthes Todd in this interval.

Finally, Blow (1957) pointed out that Globigerina ciperoensis

ciperoensis Bolli has been found in Sicily within the lower part of
the Aquitanian as defined by the occurrence together of Miogypsina
globulina

( Michelotti ) (= Miogypsina irregularis (Michelotti)

—

an invalid name, {fide Dr. F. E. Fames) and MiogypsineUa [Mio-
gypsinoides] complanata (Schlumberger), and he regarded at least

part of the Globigerina ciperoensis ciperoensis Zone of the Caribbean
as belonging to the Aquitanian which, in agreement with Fames
(1953), is here considered to be lower Miocene.

Hence, based on the conclusions of Fames and Clarke (1957)
and the writer's studies, it is considered th.it the Cuacharaca forma-
tion should be regarded as Oiigocene with some lower Aquitanian
(basal Miocene) in its upper part. The Tocuyo formation comes a
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little higher in the Aquitanian, and the Pozon formation extends

from uppermost Aquitanian throughout the Burdigalian into the

Vindobonian (see Charts 1 and 4),

VII. EVOLUTION OF SOMEOLIGOCENEAND MIOCENE
GLOBOROTALIIDAEANDORBULINIDAE

Following the extinction of the ch.iractensi ic, and often mor-

phologically complex, Eocene planktonic Foraminifera, such as Hant-

kenina, Truncorotaloides, Glohigcrinatheka barri Bronnimann, and

Porticidasphaera mexicana (Cushman), there is a considerable re-

duction in the number of species belonging to the Orbulinidae and

Globorotaliidae. Only a few species of these families persists from

the upper Eocene to the lower Oligocene. With the exccition of

Catapsydrax, these lower O'igocene forms are of comparatively

simple morphology.

The reduction in planktonic foraminiferal species at the Eocene-

Oligocene boundary is rnly surpassed in intensity by the almost

complete break at the Cretaceous-Tertiary boundary. In a similar

way to the primitive lower Paleocene Globigerina and Globorotalia

fauna, it is found that the lower Oligocene planktonic foraminiferal

fauna rapidly begins to expand again into numerous new species

and genera. The cause of such catastrophic reductions of certain

faunal groups may possibly have been occasioned by comparatively

minor, although world-wide, changes in environmental condition,

such as a sudden lowering of mean sea temperature.

fhe most remarkable reduction in number of species at the

end of the Eocene occurs within the Globorotaliidae. In the Carib-

bean area, it appears that only one species of Globorotalia persists

in the lower Oligocene, i.e., Globorotalia opima Bolli. This species

appears to be the ancestor of the lineage shown on Text-Figure 1

(Lineage I). In the lower Aquitanian (Catapsydrax dissimilis

Zone), Globorotalia scitula pracscittda Blow is first observed and

this form is believed to be the ancestor of the lineage shown on

Text-Figure 2 (Lineage II). However, the origin of Globorotalia

scitula praescitula itself, and the origins of some other uppermost
Oligocene or lowermost Miocene species of Globorotalia, such as
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Globoroialia obesa Bolli and Globorotalia kugleri Bolli, are still not

clear.

Amongst the apparently unspecialized Globigerina species which

exist either in upper Oligocene or lowermost Miocene times are

Globigerina praebulloides Blow, Globigerina juvenilis Bolli, and

Globigerina cf. trilocularis d'Orbigny (of Bolli, 1957), these forms

seem to be the respective ancestors of the lineages shown on Text-

Figures 3, 4 and 5 (Lineages III, IV and V).

In the discussion of the lineages below, only the main features

of the evolutionary series are noted; further details are given in the

appropriate parts of the "Systematic Record" where some other

possible evolutionary inter-relationships are noted in addition.

LINEAGE I (See Text-Fig. 1)

Three branches of this lineage are distinguished: —
(i) Globorotalia opima (s.l.) —> Globorotalia acostaensis,

Branch

(ii) Globorotalia opima (s.l.) -^ Globorotalia viayeri,

(iii) Globorotalia mayeri -^ Globorotalia fohsi (s.l.),

Branch

Branch

Branch (i). —Globorotalia opima nana Bolli is a small form with

four to five chambers in the last whorl; they are spherical in shape

inflated, and rather embracing. Globorotalia opima opima Bolli de-

veloped first as a short-lived independent oflF-shoot from Globoro-

talia opima nana; the evolution to Globorotalia opima opima being

characterized by a considerable increase in size of the test and the

coiling becoming slightly tighter.

Globorotalia opima continuosa Blow develops from Globoro-

talia opima nana Bolli in the basal part of the Catapsydrax stain-

jorthi Zone. The two forms are closely related but Globorotalia

opima continuosa differs from Globorotalia opima nana in having

a more strongly arched aperture with a more distinctive lip, and

also in having ovate or subspherical chambers as compared

with the spherical chambers of Globorotalia opiina nana. The
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test of "continuosa" remains thick but tends to become parallel-
sided. Globorotalia acostaensis Blow develops from Globorotalia
opima continuosa in the Globorotalia menardii menardii/Globi-
gerina nepenthes Zone after the extinction of Globorotalia mayeri
Cushman and Ellisor. The evolution of Globorotalia acostaensis
from Globorotalia opima continuosa is characterized by an in-
crease in size of the test which remains thick or even becomes
relatively thicker; the number of chambers in the last whorl in-
creases, and the chambers become much inflated and broad. Further,
the apertural lip of Globorotalia acostaensis is usually even more
well developed than it is in Globorotalia opima conti?iuosa.

Branch, (ii). —The evolution of Globorotalia mayeri Cushman and
Elhsor from Globorotalia opima nana Bolli is characterized by an
increase in size of the test which becomes relatively thinner; the
number of chambers in the last whorl also increases, the chambers
becommg less inflated and narrow. The apertural lip of Globorotalia
mayeri is not strongly developed.

Although the same general evolutionary trends prevailed in
the evolution of Globorotalia mayeri and Globorotalia acostaensis.
there are considerable differences of detail especially in regard to
chamber shape and relative dimensions of the test. Furthermore,
the trends operated at two distinctly difl^erent intervals of time.

Branch (m)-— Bolli (1957, p.ll8) suggested that Globorotalia fohsi
bansanensis (LeRoy) might have developed from Globorotalia
mayeri Cushman and Ellisor in the Catapsydrax dissimilis Zone.
The present writer regards this origin for Globorotalia fohsi baris-
anensis as being most likely. The derivation of Globorotalia fohsi
bansanensis from Globorotalia mayeri involves the chambers be-
coming more tangentially elongate and the sutures of the spiral
side becoming more strongly curved. The subsequent evolution of
the Globorotalia fohsi group, with the gradual attainment of an
acute peripher>^ which in turn becomes keeled, has been discussed
by Bolli (1950).

LINEAGE II (see Text-Fig. 2)

Three branches of this lineage are distinguished: —
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(i) Globorotalia scitula (s.l.) —> Globorotalia cf. canariensis,

Branch

(ii) Globorotalia scitida praescitula -^ Globorotalia ?nenardii

(s.l.), Branch

(iii) Globorotalia scitula praescitula -^ Globorotalia minima -^

-^ Globorotalia lenguaensis, Branch

Branch (i). —Globorotalia scitula praescitula Blow has rather elon-

gate chambers as seen from the spiral side and a subacute axial

periphery, as well as a distinctly convex to rather vaulted umbilical

side. Globorotalia scitula scitula (Brady) develops from "praesci-

tula" by the gradual attainment of a more equally biconvex test

and a less lobate equatorial periphery; also, the chambers become

almost hemispherical as seen from the spiral side and relatively

less elongate tangentially as compared with their breadth. Globoro-

talia scitula gigantea Blow develops in turn from Globorotalia sci-

tula scitida (Brady), mainly by a considerable increase in test size

and by the test becoming virtually equally biconvex.

Forms which are referred to in this study as Globorotalia cf.

canariensis (d'Orbigny) appear to develop from Globorotalia sci-

tula scitula (Brady) by the development of a thin but distinctive

keel and by the test becoming more compressed.

Branch (ii). —Globorotalia menardii archeo7nenardii (Bolli) appears

to develop from Globorotalia scitula praescitida Blow by the attain-

ment of rather angular rhomboidal-shaped chambers as seen from

the side view. The periphery gradually becomes increasingly acute

and ineventually a thin keel appears on the last few chambers, this

keel subsequently extending throughout the whole test. Globorotalia

-tnenardii praemenardii (Cushman and Stainforth) developed from

" archeomenardii' by the attainment of a more lobate equatorial

periphery and more chambers as well as a more rapidly opening

spire. Globorotalia menardii menardii (d'Orbigny) developed from

"praemenardii" by the gradual development of raised sutures on

the spiral side and a much more massive keel. Globorotalia m,enardii

m^iocenica Palmer evolved from Globorotalia menardii m.enardii by

the development of a strongly vaulted umbilical side and a flat spiral

side.
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Brayich {in). —Globorotalia tninhna (Akers) appears to develop

from Globorotalia scitida praescitula Blow by the adoption of a less

lobate equatorial periphery and the acquisition of more chambers

in the last whorl. The last two chambers remain elongate tangen-

tially, but the early chambers become almost equally as broad as

long. Globorotalia lenguaensis Bolli is considered to have developed

from Globorotalia minima by the adoption of a more circular equa-

torial profile with the spire opening less rapidly so that all the

chambers are almost equally as broad as long. The axial periphery

becomes subacute to acute and a faint keel may develop on some

or all of the chambers in specimens of Globorotalia lenguaensis from

stratigraphically higher horizons.

LINEAGE III (see Te.xt-Fig. 3)

Two branches of this lineage are distmguished: —
(i) Globigerina praebulloides —> Globigerina- parabulloides,

Branch

(ii) Globigerina pra,ebulloides —> Globigerina bulloides ^
-^ Globigerina apertura, Branch

Branch (i). —Globigerina praebulloides Blow has a weakly trocho-

spiral test with four to five chambers in the last whorl. The cham-

bers are appressed, slightly embracing, and increase fairly rapidly

in size as added, so that the equatorial profile is ovate. The aperture

is not strongly arched and is without a lip or distinctly thickened

rim. (Globigerina parabulloides Blow developed from "praebulloides"

by the adoption of a smaller aperture which possesses a distinct

lip or thickened rim. The equatorial profile remains distinctly elon-

gate in the direction of the last chamber.

Branch (ii). —Globigerina bulloides d'Orbigny developed from Glo-

bigerina praebulloides by the adoption of a more highly arched

aperture, a more strongly trochospiral test, a deeper umbilicus, and

chambers which increase regularly but not rapidly in size as added,

so that the equatorial profile is subcircular. Globigerina apertura

Cushman developed from Globigerina bulloides by the coiling be-

coming looser so that the umbilicus becomes wider, and also by the

aperture becoming highly arched with a distinct thickened rim.
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LINEAGE IV (see Text-Fig. 4)

Two branches are distinguished within this Hneage: —
(i) Globigerina juvenilis —^ Globigerinita naparimaensis ( s.L),

Branch

(ii) Globigerinita naparimaensis (s.L), —>• ? —̂ Globigerinatella

insueta, Branch

Branch (i). —Globigerina juvenilis Bolh has three to four in-

flated chambers in the last whorl and the narrow, elongate and slit-

like aperture possesses a distinctive lip. Globigerinita naparimaensis

incrusta. (Akers) appears to have developed from Globigerina juven-

ilis by the apertural lip of this latter form becoming attached to

the ventral surface of the opposing chamber and forming a bulla

which, however, only has infralaminal apertures in line with the

sutures of the primary chambers. Globigerinita naparimaensis nap-

ariynaensis Bronnimann developed from "incrusta" by the bulla be-

coming more inflated and embracing more of the primary chambers,

and also by the adoption of infralaminal apertures in the suture

between the bulla and the primary chambers; it also retains the

infralaminal apertures in line with the sutures between the primary

chambers. It is considered possible that the evolution

Globigerina juvenilis -^ Globigerinita naparimaensis incrusta —

>

—> Globigerinita naparimaensis naparimaensis

may have occurred a number of times throughout the Miocene in

a repetitive and heterochronous manner. Further details of this

possible repetitive evolution are discussed in the "Systematic

Record."

Branch (ii). —It seems likely that Globigerinatella insueta

Cushman and Stainforth developed from Globigerinita naparimaen-

sis naparimaensis Bronnimann. Some early forms of Globigerin-atella

insueta show only a single "primary" bulla without "secondary"

bullae, either in the form of areal pustules or collar-like growths,

although the primary chambers are embracing. Dissection of these

early forms also shows that there are multiple apertures in the

primary chambers, so that there is no longer one single primary

aperture as seen in Globigerinita, but supplementary sutural and

areal apertures as well. It is believed that the following trends have
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occurred in the evolution of GlobigerinatcUa insiieta from Glohi-

gerinita naparimaensis naparimaensis: —
(a) Primary chambers become embracing.

(b) The single primary aperture of Globigerinita becomes

multiple, i.e., adoption of supplementary apertures of

two kinds: —
(i) Supplementary apertures in the sutural positions

between the primary chambers.

(ii) Supplementary apertures in the area of the primary

chambers.

(c) Possible adoption of areal apertures in the area of the

primary bulla.

(d) "Secondary" bullae develop which may either take the

form of pustule-like growths or collar-like growths which

may cover part of both the primary chambers and the

primary bulla.

LINEAGE V (see Text-Fig. 5)

Two major branches are distinguished within this lineage: —
Globigerinoides

f rubra

(i) Globigerina cf. triloctdaris —> Globigerinoides triloba

\ (s.l.), Branch

Glo bigerinoides

obliqua

(ii) Globigerina cf. triloctdaris —^Globigerinoides triloba (s.l.)—>

^ Biorbulina

-^ Globigerinoides bisph erica, Branch

N^ Orbnlina

Branch (i). —Bolli (1957) recorded a form which he considered

as comparing well with the figures given by Fornasini of d'Orbigny's

Globigerina triloctdaris. Bolli (1957, p. 110) pointed out that in

the Globorotalia kugleri Zone (== Lower Aquitanian) of southern

Trinidad, specimens of Globigerina cf. trilocularis and Globigeri-

noides triloba immatura LeRoy are indistinguishable except that
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LeRoy's form possesses supplementary sutural apertures. A similar

relationship has also been seen m the Globorotalia kugleri Zone

of eastern Falcon. In the early forms of Globigerinoides triloba

im.ynattcra, supplementary apertures are only present in the suture

between the last and penultimate chambers, but in specimens from

stratigraphically higher horizons supplementary apertures appear

in the sutures between the penultimate and earlier chambers. The

apertures of Globigerinoides triloba immaticra are only slightly

arched, and this form has a last chamber which only slightly em-

braces the earlier part of the test; the last chamber is slightly

smaller in volume than the rest of the earlier chambers combined.

Globigerinoides triloba sacculifera (Brady) developed from

Globigerinoides triloba immatura by the production of an elongate,

saclike last chamber which has a slightly higher arched primary

aperture.

Globigerinoides triloba altiapertura Bolli appears also to have

developed from Globigerinoides triloba immatura by the adoption

of rounded and highly arched primary and supplementary apertures;

also by the chambers becoming slightly more inflated and better

separated one from the other. Globigerinoides obliqua Bolli is con-

sidered to have developed from Globigerinoides triloba altiapertura

in the basal part of the Catapsydrax dissimilis Zone by developing

an elongate aperture which, however, remains fairly highly arched;

the early chambers remain spherical, but later chambers become

laterally compressed in an oblique manner.

Globigerinoides rubra (dXJrbigny) is considered possibly to

have originated from Globigerinoides triloba altiapertura by the

reduction of the number of chambers in the last whorl to 3 from

the usual 3 Vz to 4 which are present in the last whorl of Globigeri-

noides triloba altiapertura. At the same time, the primary and sup-

plementary apertures become symmetrically placed with respect

to the suture between the earlier chambers. Later forms of Globi-

gerinoides rubra show a tendency to become rather high-spired.

Branch (ii). —Globigerinoides trilol)a triloba (Reuss) de-

veloped from Globigerinoides triloba immatura LeRoy by the last

chamber gradually embracing more of the earlier test and by the

primary and supplementary apertures becoming completely slitlike
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and more elongate as compared with the sHghtly arched apertures

of "irmnatura". Blow (1956) discussed the evolution of GLobigeri-

noides bispherica Todd from Globigerinoides triloba triloba, and

also the evolution of Binrbulina and Orhulina from Todd's species

via Porticulasphaera transitoria and Portictdasphaera glomerosa,

respectively.

VIII. SOMENOTESON THE TAXONOMYOF THE
FORAMINIFERA

(a) Benthonic Foraminifera.

Although the present biostratigraphical studies made by the

writer for the Tocuyo and Pozon formations have been largely

concerned with the stratigraphical distribution of planktonic Fora-

minifera, it was found to be necessary to analyse the benthonic

foraminiferal content of each sample in the section so as to arrive

at a direct correlation between the two types of foraminiferal bio-

stratigraphies.

During this study the opportunity has been taken to examine

and, where necessary, revise the taxonomy of the benthonic fauna

as proposed by H. H. Renz in 1948. In general, Renz's taxonomy

has been maintained with few exceptions. The most important

changes are listed below whilst some other minor changes are noted

in the relevant parts of the "Systematic Record": —
Blow Renz (1948)

Alveovalvulinella. LiebiiseUa pozone^isis

pozonensis

Alveolophragmium? Haplophragmoides cariiuitum

carinatum

Alveolophragmium Haplophragfnoides emaciatuin

venezuelanum

Bolivina pseudobeyrichi Bolivina alata

Glandidina laevigata Pseudoglandulina laevigata

Gyroidinoides altiformis Gyroidinoides soldanii altiformis

Gyroidinoides cf. zealandica Gyroidinoides cf. soldanii

Nodosaria caribbeana Nodosaria raphanistrmn car-

ibbeana
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Nodosaria comatus Pseudoglandu/ina comatula

Pseudonodosaria incisa Pseudoglandidina incisa

Rectoglandidina galloway i pauci- Pseudoglandidina gallozvayi

costata paucicostata

Stilostomella verneuili EUipsonodosaria? v&rneuili

Vaginulina sublituus Astacnlus sublituus

In addition to these changes, the following benthonic Fora-

minifera were observed in the Poz6n-El Mene Road section but

were not mentioned by Renz in 1948: —
Ammodiscus ynuhlemanni Blow, sp. nov.

Gravellifia narivaensis Bronnimann

Lagena asperoides Galloway and Morrey

Lagena mittalli Galloway and Heminway
Lagenonodosaria acostaensis Blow, sp. nov.

Uvigerina cubana Palmer and Bermudez

The stratigraphical distribution of the benthonic Foraminifera

observed in the Poz6n-El Mene Road section is given on Chart 2.

(b) Plank tonic Foraminifera

Recently, Bolli, Lx>eblich, and Tappan (1957) made a detailed

revision of the taxonomy of the planktonic Foraminifera. With one

minor exception, their recommendations are followed in this work.

These authors also made recommendations as to the terminology

used in the description of the morphology of the planktonic forms.

These recommendations are also closely followed.

SYSTEMATIC RECORD

All holotypes, paratypes, and hypotypes, as well as any other

figured specimens, have been deposited in the collections of the

United States National Museum, Washington, D.C., U.S.A.

The classification followed in this Systematic Record is based

upon that proposed by Cushman (1950) but with some modifica-

tions due to recent work by various authors. The main changes affect

the classification of the planktonic Foraminifera where the recom-

mendations of Bolli, Loeblich, and Tappan ( 1957) are followed with

the exception of the taxonomic position of the genus Hastigerinella.

Hastigerinella is, in this work, placed in the family Globorotaliidae.
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Phylum PROTOZOA

Order F0RA3II?fIFEK

A

Family AMMODISCIDAE

Genus AMMODISCUSReuss. 1861

Ammodiscas incertiis (d'Orbigny)

Operculifia inccrta d'Orbigny, 1839, "Foraminiferes", in de la Sagra,

Histoire physique, poIitiqu'C et naturelle de I'Tle Cuba, p. 49, pi. 6, figs. 16,

17 (fide Ellis and Messina. 1940 ct scq.).

Ammodiscus incertus (d'Orbigny), (Cushman), 1918, U.S. Nat. Mus., Bull.

104, pt. 1, p. 95, pi. 39, figs. 1-8.

Remarks: —Species shows wide variation, partly due to the

type of material incorporated in the test; spiral suture usually

distinct and the second chamber rounded in cross-section.

Hypotype: —From Sample No. RM 19180, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625734.

Occurence: —Occurs mainly in arenaceous facies faunas of the

Globigerinatella insueta Zone (s.l.) but also as isolated specimens

in the Globorotalia fohsi "Zone" (s.l.) and Glohorotalia mayeri

Zone (s.l.), Tocuyo and Pozon formations.

Ammodiscus mulilemanni Blow, sp. nov PI. 6. figs, la-b

Diagnosis: —Test small, usually compressed, agglutinated, but

with much calcareous cement; proloculum small and indistinct,

followed by an undivided or nonconstricted second chamber form-

ing a planispiral coil of about 7 to 10 whorls. The second chamber,

which only increases slowly in size, has a rounded cross-section.

Spiral suture usually distinct; wall smoothly finished and almost

translucent; maximum diameter of holotype, 0.42 mm.

Remarks: —This form is usually observed deformed and com-

pressed, but occasional specimens indicate that the cross-section

of the second chamber is round. The adventious material selected

is fine-grained, and the form has a characteristic translucent appear-

ance.

Holotype: —From Sample No. RM 19180, auger line near Po-

zon, eastern Falcon; Plate 6, figs, la-b, deposited in U.S.N.M.

collection. No. 625691.
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Occurrence: —This form seems to be restricted to mainly "are-

naceous facies faunas" of the Globigerinatella insueta Zone (j"./.)

Tucuyo and Pozon formations. Also observed in the Nariva forma-

tion of southern Trinidad.

Genus GLOMOSPIRARzehak, 18S8

Glomospira g'ordialis (Jones and Parker)

Glomospira gordialis (Jones and Parker), Ciishman, 1928, Cushman Lab.
Foram. Res., Contr., vol. 4, p. 87, figs. 7-8.

Hypoty-pe: —From Sample, No. RM19283, auger line near Po-

zon, eastern Falcon; deposited in U.S.N.M. collection. No. 625736.

Occurrence: —Scarce, observed m the Globigerinatella insueta

Zone {s.l.)\ also infrequently in samples from the Glnborotalia

fohsi "Zone" (/./.) and Globorotalia mayeri Zone (/./), Tocuyo

and Pozon formations.

Family LITIOLIDAE

Genus ALy?:OLOPHH.V(iMIUM Stschedrina, 1936

Alveoloithras-iniiiin J carinatuiii (Cushman and Renz)

Hat>lupliragmuuif.<: < annatum Cushman and Renz, 1941, Cushman Lab.
Foram. Res., Contr., vol. 17, pt. 1, p. 2., pi. 1, fig. 1.

Remarks: —Alveolophragmiuvi? carinatum differs from Alveolo-

phragviium venezuelanuvi Maync in the larger number of chambers

and somewhat more compressed test which has a distinctly keeled

periphery. The sutures are slightly raised. The specimens observed

do not show details of the aperture but appear to have a labyrinthic

or alveolar wall structure and are, therefore, referred tentatively

to the genus Alveolophragmium Stschedrina, 1936. The specimens

also appear identical to Cushman and Renz's species.

llypotype: —From Sample, No. RM19136, auger line near Po-

zon, eastern Falcon; deposited in U.S.N.M. collection. No. 625737.

Occurrence: —Occurs mainly in arenaceous facies faunas from

the Catapsydax stainforthi Zone, and in the Globigerinatella insueta

Zone (s.l.), but, occasional specimens have been observed in all

zones below the base of the Spliaeruidinella seminulina Zone, Tocuyo

and Pozon formations.
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Alveoloplirag'iiiliiin veiieziielamim Maync PI. 6, fig. 2

Nn-^ Ilaplophrat/mium rmac'iatum Bradv, 1884, Challenger Exptd. Kept.,

Zool., vol. 9, pt. 22, p. 305, pi. 33, figs. 26-28.

Hapluphnujmoiiics t'lnachilum R nz, 1948, Geol. Soc. Amer., Mem. 32, p. 142,

pi. I, figs. 6a-b.

Alvcolophragmium z'cnrzuflanum Maync, 1952, Cushman Found. Foram.

Res., Contr., vol. Ill, pts. 3 & 4, p. 142, pi. 26, figs. 1-3, 5.

Refnarks: —Maync (1952) transferred Renz's (1948) species

to the genus Alveolophragminm Stschedrina and considered this

species to be distinct from that described by Brady (1884). The

specimens observed by the writer are similar to those illustrated

by Renz (1948, p. 142) and show clearly the alveolar nature of

the test wall.

Hypotype: —From Sample, No. RM19136, auger line near Po-

zon, eastern Falcon; Plate 6, fig. 2, deposited in U.S.N.M. collec-

tion, No. 625739.

Occurrence: —Generally scarce throughout the upper part of

the Tocuvo formation and in the Globigerinatella insueta Zone

(s.l.) and Globorotalia fohsi "Zone" (s.L), Pozon formation.

Genus AMMOBACULITESCushman, 1910

Aminobaculites cf. stratliearnensis Cushman and LeRoy

cf. AmmobacuHtcs strathcarncnsis Cushman and LeRoy, 1938, Jour. Pal..

vol. 12, No. 2, p. 122, pi. 22, figs, la, lb, 2a, 2b {fide Ellis and Messina,
1940 et. seq.).

Ammobaculites cf. strathearnensis Cushman and LeRoy, Renz, 1948, Geol.

Soc. Amer., Mem. 32, p. 113, pi. 1, figs. 7,8.

Remarks: —This species shows a rather wide variation in mor-

phology, especially in the degree to which the last few chambers

uncoil and in the depth of the umbilicus. Test compressed; wall

structure smooth, composed of fine grains.

Hypotype: —From sample, No. RM 19136, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625740.

Occurrence: —Occurs rarely, mainly in arenaceous facies

faunas from the Catapsydrax stainjorthi Zone and in the Globi-

gerinatella insueta Zone (s.L). Occasional specimens have been

observed throughout the Globorotalia fohsi Zone (s.L), and pos-

sibly in the Globorotalia mayeri Zone (s.L), Tocuyo and Pozon

formations .
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Genus rYCLA3DIINA Brady, 1876

ryclainniiiia ciiiicollata Brady

Cyclammina curiccllata Brady, 1884, Challenijer Exped. Rept., Zool., vol. 9,

p. 351, pi. 37, figs. 8-16.

Re^n-arks: —Both Glaessner (1945) and Cushman (1950) refer

to the labyiinthic interior of this genus. Bronniniann (1951c) sug-

gested that the term "labynnthic" should not be used in connection

with this form and described the interior as being subdivided into

regularly arranged alveoles normal to the outer cortex. Maync

(1952, p. 48), however, retained the term "labyrinthic" and pointed

out that the attribute 'iabyrmthic" should be applied only to the

wall and septal structure and not to the complex nature of the

actual chambers.

Hypotype: —From sample, No. RM 19180, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625741.

Occurrence: —Occurs in variable abundance in the Tocuyo

and Pozon formations below the Sphaeroidwella seminulina Zone

but particularly common in the Globigerinatella insueta (s.L),

where it occurs in arenaceous facies faunas and often associated

with comparatively rich, mainly planktonic faunas.

It has been suggested that an abundance of this species indi-

cates a deepwater turbid environment ( Kugler, 1953).

Genus HAPLOPHKAG3rOmESCushman, 1910

Haplophragiiioides coronatiim (Brady)

Trochatrtmina coronata Brady, 1879, Quart. Jour. Micr. Sci., London, vol. 19,

p. 58, pi. 5, fig. 15 (fide Ellis and Messina, 1940 ct sr(j.).

Remarks: —This species is always observed much deformed,

but appears to be planispirally coiled throughout.

Hypotype. —From sample. No. RM 19181, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625743.

Occurrence: —Occurs mainly in arenaceous facies faunas from

the Catapsydrax stainjorthi Zone and Globigerinatella insueta Zone

(s.L), Tocuyo and Pozon formati(Mis.

Family TEXTl LAKIIDAJ:

Genus TEXTI'LAKIA Defrance, 1824

Textularia crassisepta ( ushman

Textularia crassiscpta Cushman, 1911, U.S. Nat. Mus., Bull. 71, p. 24, text-

fig. 41 ifiJr Ellis and Messina, 1940, ct scq.).
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Hypotype: —From sample, No. RM 19279, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625744.

Occurrence: —Scarce, but observed in isolated samples from

the Globigerinatella insueta Zone (s.L), Globorotalia fohsi "Zone"

(s.l.) and in the lower to middle part of the Sphaeroidinella seTtii-

nulina Zone, Tocuyo and Pozon formations.

Textularia excayata Cushman

Textularia excavata Cushman, 1913, U.S. Nat. Mus., Proc, vol. 44, No.
1973, p. 634, pi. 79, fig. 5 {jide Ellis and Messina, 1940 et scq.).

Hypotype: —From sample No. RM 19279, auger line near Po-

zon, eastern Falcon; deposited in U.S.N.M. collection, No. 625746.

Occurrence: —Scarce, only seen in isolated samples from the

Globigerinatella insueta Zone (s.L), and Globorotalia fohsi "Zone"

(s.L), Tocuyo and Pozon formations.

Textularia isidroensis Cushman and Renz

Textularia isidroensis Cushman and Renz, 1941, Cushman Lab. Foram. Res.,

Contr., vol. 17, pt. 1, p. 4, pi. 1, fig. 7.

Hypotype: —From sample No. RM 19280, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625748.

Occurrence: —Scarce, only seen in isolated samples from the

Globigerinatella insueta Zone (s.L), and Globorotalia fohsi "Zone"

(s.L), Tocuyo and Pozon formations.

Textularia leuzing'eri Cushman and Renz

Textularia leuzingeri Cushman and Renz, 1941, Cushman Lab. Foram. Res.,

Contr., vol. 17, pt. 1, p. 3, pi. 1, fig. 2.

Hypotype: —From sample No. RM 19180, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection No. 625749.

Occurrence: —Scarce, only seen in isolated samples from the

Globigerifiatella insueta Zone (s.l.) and Globorotalia fohsi "Zone"

(s.L), Tocuyo and Pozon formations.

Textularia pauamensis Cushman PI. 7, fig. 3

Textularia panamensis Cushman, 1918, U.S. Nat. Mus., Bull. 103, p. 63, pi.

20, fig. 1 {fide Ellis and Messina, 1940 et seq.).

Hypotype: —From sample No. 20131, auger line near Pozon,

eastern Falcon; Plate 7, fig. 3, deposited in U.S.N.M. collection,

No. 625750.
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Occurrence: —Scarce In the lower part of the Sphaeroidinella

seminidina Zone but becomes common in the middle to upper part

of this zone and ui the lower part of the Globigerina bulloides Zone,

Pozon formation.

Textiilaria pozoiieiisis Cushman and Renz

Tcxtuhirla pozonens'is Cushman and Renz, 1941, Cushman Lab. Foram. Res.,

Contr., vol. 17, pt. 1, p. 4, pi. 1, fig. 6.

Hypntype: —From sample, No. RM 20131, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625752.

Occurrence: —Sca.'"ce in the lower part of the Sphaeroidinella

serninulina Zone but becomes common in the middle to upper part

of this zone and in the lower part of the Globigerina btdloides Zone,

Pozon formation.

Genus VULVULINA d'Orbigny, 1826

Viilvulina spinosa miocenica Cushman

ruI'Viiliria spinosa Cushman var. mioccnica Cushman, 1932, Cushman Lab.
Foram. Res., Contr., vol. 8, p. 80, pi. 10, fig. 10 {fide Renz, 1948).

rulvulina st>inosa Cushman var. mioccnica Cushman, Renz, 1948, Geol. Soc.

Amer., Mem. 32, p. 179, pi. II, fig. 1.

Hypotype: —From sample. No. RM 19280, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625753.

Occxirrence: —Scarce, only observed in isolated samples from

the Globigerinatella insueta Zone (s.l.), Tocuyo and Pozon forma-

tions.

Family YEKNEUILINIDAE

Genus GAUDRYINAd'Orbigny, 1839

Gaudrjina leiiziniarcri Cushman and Renz

Gaudryina Icuzingcri Cushman and Renz, 1941, Cushman Lab. Foram. Res.,

Contr., vol. 17, pt. 1, p. 6, fig. 13.

Hypotype: —From sample. No. RM 19280, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625755.

Occurrence: —Scarce, only observed in a few samples from the

Globigerinatella insueta Zone {s.l.) and Globorotalia fohsi "Zone"

(s.l.), Tocuyo and Pozon formations.

(iaudryina thalmaiini Cushman and Renz

Gaudryina thalmanni Cushman and Renz, 1941, Cushman Lab. Foram. Res.,

Contr., vol. 17, pt. 1, p. 7, fig. 14.
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Hypotype: —From sample, No. RM 19265, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625756.

Occurrence: —Scarce, only observed m a few samples from the

GlobigerinateUa insueta/Globigeriri(ndes bisph erica Subzone, Pozon

formation.

Subgenus rSElTDOGAUDllYINA Cushman, 1936

(ilaudryiiia (Pseiulog-aiidrjiiia) biillbrooki Cushman

Gaudryina [Pseudogaudryina) hiiUbrooki Cushman, 1936, Cushman I-ab.

Foram. Res., Spec. Pub. No. 6, p. 16, pi. 2, fig. 16.

Hypotype: —From sample. No. RM 19284, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625758.

Occurrence: —Generally scarce and only occurs m isolated sam-

ples but ranges from the Catapsydrax stainforthi Zone, Tocuyo for-

mation, to the Globorotalia menardii menardii/Globigerina ne-

penthes Zone, Pozon formation.

Oaiidrjina (Pseudo^aHdryina) jacksonensis abnonnis Cushman and Renz

Gaudryina (Pseudogaudryina) jacksonensis Cushman var. abnormis Cushman
and Renz, 1944, Cushman Lab. Foram. Res., Contr., vol. 20, pt. 3, p. 78.

Gaudryina jacksonensis Cushman var. abnormis Cushman and Renz, Bermu-
dez, 1949, Cushman Lab. Foram. Res., Spec. Pub. 25.

Hypotype: —From sample. No. RM 19117, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625760.

Occurrence: —Fairly common in the Catapsydrax stainforthi

Zone but has only been observed in isolated samples from the

GlobigerinateUa insueta Zone {s.L), Tocuyo and Pozon formations.

Genus PSEUDOCLAVULiyACushman. 1936

Pseudoelavuliiia carinata (Cushman and Renz)

Clavulina carinata Cushman and Renz, 1941, Cushman Lab. Foram. Re?.,

Contr., vol. 17, pt. 1, p. 8, pi. 1, fig. 18.

Remarks: —This species shows a fairly large triangular initial

part with three chambers per whorl followed by 2-3 rounded, uni-

serial chambers with a circular terminal aperture. The aperture in

the adult has a short neck and is without a tooth. The uniserial

chambers are comparatively distinct, more so than the initial ones;

wall rough.

Hypotype: —From sample. No. RM 19286, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625762.
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Occurrence: —Generally scarce in the Tocuyo and Pozon forma-

tions below the middle part of the S-phaeroidinella seminulina Zone.

Family YALYULINrDAE

Genus ALTEOVALVULEVELLABronnimann, 1953

Aheovrtlvnlinellsi pozoiiensis (Cushman and Renz) PL 6, fig. 4

Lichusclla pozoncnsis Cushman and Renz, 1941, Cushman Lab. Foram. Res.,

Contr., vol. 17, p. 9, figs. 1, 2.

Liebusclla pozonrnsis var. crassa Cushman and Renz, 1941, Cushman Lab.

Foram. Res., Contr., vol. 17, p. 10, pi. 2, figs. 3-4.

.^l-vro-val-vulirirlla pozonrnsis (Cushman and Renz), Bronnimann, 1953, Cush-
man Found. Foram. Res., Contr., vol. IV, pt. 3, p. 91, text-figs. IV, V,

plate 15, fig. 3.

Remarks: —Bronnimann transferred this species from the genus

JAebusella Cushman, 1933 to a new valvulinid genus Alveovalvuli-

nella mainly because of the alveolated, not "labyrinthic". nature of

the test wall. The early part of the test consists of more than three

chambers in a whorl later reducing to three, then two and eventually

becoming uniserial. The uniserial part often comprises most of the

test. Wall often appears translucent showing the alveoles. Aper-

ture terminal in uniserial part of the test.

Hypotype: —From sample, No. RM 19175, auger line near

Pozon, eastern Falcon; Plate 6, fig. 4, deposited in U.S.N.M. collec-

tion, No. 625763.

Occurrence: —In Trmidad it is diagnostic for, and restricted to,

the Nariva clays and silts, whilst in the Pozon section it occurs

mainly in arenaceous facies faunas from the Catapsydrax stain-

jorthi Zone and Globigerinatella insueta Zone (s.L), Tocuyo and

Pozon formations. It also occurs in isolated samples from the Globo-

rotalia folisi "Zone" (s.l.) and Globorotalia mayeri Zone (s.L),

Pozon formation.

Genus GKAYELLINA Bronnimann, 1953

Gnnellina njirivaeiisis Bronnimann PI. 6, fig. 5

Gravrllhia niuivarnsis Bronnimann, 1953, Cushman Found. Foram. Res
,

Contr., vol. IV, pt. 3, p. 87, pi. 15, fig. 9, text-fig. 1.

Hypotype: —From sample. No. RM 19181, auger line near

Pozon, eastern Falcon; Plate 6, fig. 5, deposited in U.S.N.M. collec-

tion. No. 625765.
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Occurrence: —Generally scarce and only observed in arena-

ceous facies faunas from the Globigerinatella insueta Zone {s.L),

Tocuyo and Pozon formations. In Trinidad it is considered diagnos-

tic for the Nariva formation.

Genus SCHEIVCKIELLA Thalmann, 1942

Schenekiella cf. cyclostomata (Galloway and Morrey)

cf. I'crneuilina cyclostomata Gailowav and Morrey, 1929, Bull Amer. Pal.,

vol. 15, No. 55, p. 33, pi. 5, fig. 2.

SchcJickiclla cf. cyclostomata (Galloway and Morrey), Renz, 1948, Geo!. Soc.

Amer., Mem. 32, p. 163, pi. II, fig. 16.

Remarks: —Usually observed as immature specimens without

the uniserial chambers.

Hypotype: —From sample, No. RM 19181, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625767.

Occurrence: —Fairly common in the Tocuyo and Pozon forma-

tions below the Globorotalia menardii mendarii/Globigerina ne-

penthes Zone.

Schenekiella pallida (Cushman)

Clavullna communis d'Orbigny var. pallida Cushman, 1927, Calif. Univ.
Scripps Inst. Oceanography, Bull. Tech. Ser., vol. 1, p. 138, pi. 3, fig. 1.

Lister ella pallida (Cushman), Cushman, 1937, Cushman Lab. Foram. Res.,

Spec. Pub. 8, p. 147, pi. 16, figs. 37-39.

Schenekiella pallida (Cushman), Renz, 1948, Geol. Soc. Amer., Mem. 32,

p. 163, pi. II, figs. 17-18.

Hypotype: —From sample. No. RM 19180, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625769.

Occurrence: —Common in all zones of the Tocuyo and Pozon

formations below and in the lower part of the Sph aeroidinella semi-

nulina Zone.

Genus TEXTULARIELLA Cushman, 1927

Textulariella miocenica Cushman

Textulariella miocenica Cushman, 1936, Cushman Lab. Foram. Res., Spec.
Pub. 6, p. 45, pi. 6, figs. 17, 19.

Hypotype: —From sample, No. RM 19112, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625771.

Occurrence: —Fairly common in the Catapsydrax stainjorthi

Zone and the Globigerinatella insueta Zone (s.l.), Tocuyo and

Pozon formations but only observed as single specimens in isolated
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samples from the GJoborotalia fohsi harisanensis Zone, Pozxni forma-

tion.

Genus V.VLVI'LINA d'Orbigny, 1S26

Valviilina flexis Cushman and Renz

J'tilvulitia flexis Cushman and Renz, 1941, Cushnian Lab. Foram. Res., Contr.,

vol. 17, pt. 1, p. 7, figs. 16-17.

Hypotype: —From sample. No. RM 19210, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625773.

Occurrence: —Only observed in arenaceous facies faunas from

the Catapsydrax stainfortki Zone, and from the Glnhigerinatella

insueta Zone (s.l.), Tocuyo and Pozon formations.

I amily 3IILI0M1)AK
Genus rVHCiO Def ranee, 1824

Pyrgo spp. indet.

Remarks and occurrence: —A number of specimens of this

genus occur in the Sphaeroidinella setninukna and Globigerina bid-

loides Zones, Pozon formation but are always abraded, broken or

merely preserved as stemkerns and cannot be safely speciated.

Genus Ql'IXQrKLOCrLLXA d'Orbigny, 1826

(jiiinqiieloculiiia spp. indet.

Remarks and- occurrence: —A number of specimens of this

genus occur in the Sphaeroidinella seminnlina and Globigerina bid-

loides Zones, Pozon formation but are always abraded, broken, or

merely preserved as stemkerns and cannot be safely speciated.

Genus SI(;.MOILIXA Sc-hlumberger. 1887

Sitfinoilina celatii (Costa)

Spiroloiulina cflata Costa, 1855, R. Accad. Sci. Napoli, Mem., vol. 2, p. 126,

pi. 1, fig. 14 (fide Ellis and Messina, 1940 rt sf(].).

Sie/moilina cclata (Costa), Cushman, 1929, Cushman Lab. Foram. Res., Contr.,

vol. 5, p. 82.

Hypotype: —From sample, No. RM 19151, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625775.

Occurrence: —Generally scarce but observed in samples from

all zones of the Tocuyo and Pozon formations below, and in the

lower part of the Sphaeroidinella seminvlina Zone.

Genus TKILOCULIXA d'Orbigny, 1826

Triloculiiia .spp. indet.

Remarks and occurrence: —A number of specimens of this
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genus occur in the Sphaeroidinella seminulina and Globigerina hul-

loides zones, Pozon formation, but are always abraded, broken or

merely preserved as steinkerns and cannot be safely speciated.

Family TROCHAJIMINIDAE

Genus TROCHAM.MLXAParker and Jones, 1859

Troc'haiiiinlua cf. pacifica Cushman PI- 7, fig. 6

cf. Trochammina pacifica Cushman, 1925, Cushman Lab. Foram. Res., Contr.,

vol. 1, No. 11, p. 39, pi. 6, fig. 3 (fide Ellis and Messina, 1940 et seq.).

Trochammina cf. pacifica Cushman, Renz, 1948, Geol. Soc. Amer., Mem. 32,

p. 172, pi. Ill, figs. 4a-b, 5a-b.

Remarks: —The writer's specimens are similar to those illus-

trated by Renz (1948). Most specimens occur as axially compressed

forms and do not allow unambiguous specific identification. Renz's

remarks (1948, p. 173) apply to the writer's specimens.

Hypotype: —From sample. No. RM 19849, auger line near

Pozon, eastern Falcon; Plate 7, fig. 6, deposited in U.S.N.M. col-

lection. No. 625777.

Occurrence: —Occasional specimens have been observed in the

uppermost part of the Globorotalia menardii menardii/Globigerina

nepenthes Zone but the species only becomes common in the lower

and middle parts of the Sphaeroidinella seminulina Zone. Rather

scarce in the upper part of this latter zone and in the basal part of

the overlying Globigerina bulloides Zone, Pozon formation.

Family LA(iEMI>AE

Genus ASTACOLUSMontfort, 1808

Astacolus ovatus Galloway and Heminway PI. 6, fig. 7

Astacolus ovatus Galloway and Heminway, 1941, New^ York Acad. Sci., Sci.

Surv. Porto Rico and Virgin Islands, p. 334, pi. 8, figs. lOa-b.

Remarks: —This species shows a trace of a faint keel on the

slightly convex dorsal side. Initial coil consisting of 5-6 chambers

which appear to be in contact with the proloculum. Sutures of

the later chambers strongly convex towards the aperture, meeting

the dorsal side obliquely; test oval in cross-section.

Hypotype: —From sample. No. RM 19285, auger line near

Pozon, eastern Falcon; Plate 6, fig. 7, deposited in U.S.N.M. col-

lection, No. 625779.
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Occurrence: —Scarce in samples from the Catapsydrax stain-

forthi Zone, Globigennatella insueta Zone {s.l.), Globorotalia fohsi

"Zone" (s.l.) and Globorotalm mayeri Zone {s.l.), Tocuyo and

Pozon formations. Also occurs in isolated samples from the Globo-

rotali-a menardii menardii/Globigerhia nepenthes Zone, Pozon for-

mation.

Genus DENTALINA d'Orbigny, 1826

Dentalina t*f. advena (Cushman)

cf. Nodosar'ia advena Cushman, 1923, U.S. Nat. Mus., Bull. 104, p. 79, pi. 14,

fig. 12 {fide Ellis and Messina, 1940 et seq.)

.

Dentalina cf. advena (Cushman), Renz, 1948, Geol. Soc. .\mer., Mem. 32, p.

130, pi. IV, fig. 27.

Hypotype: —From sample, No. RM 19281, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625780.

Occurrence: —Only observed in isolated samples from the Globi-

gerinatella insueta Zone {s.l.), Tocuyo and Pozon formations.

Genus FRONDICIH.ARIA Defrance, 1826

Frondlcniaria advena Cushman

Frondieularia inaequalis Brady {non Costa), 1884, Challenger Exped. Rep.,

Zool., vol. 9, p. 521, pi. 66, figs. 8-12.

Frondieularia advena Cushman, 1923, U.S. Nat. Mus., Bull. 104, p. 141. pi. 20,

figs. 1-2 [fide Ellis and Messina, 1940 et seq.).

Hypotype: —From sample, No. RM 19435, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection No. 625781.

Occurrence: —Only observed in isolated samples from the

Globorotalia fohsi lobata and Globorotalia fohsi robusta Zones,

also from the Globorotalia mayeri Zone (s.l.), Pozon formation.

Frondieularia ala/anensis Nuttall

Frondieularia alazanensis Nuttall, 1932, Jour. Fal., vol. 6, p. 17, pi. 3, fig.

15.

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625783.

Occurrence: —Scarce, observed in samples from the Gatapsy-

drax stainforthi Zone, Tocuyo formation, and in the Globigerinatella

insueta/ Globigerinoides bispherica Subzone and Globorotalia fohsi

fohsi Zone, Pozon formation.

Frondieularia inacHjualis Costa

Frondieularia inaequalis Costa, 1855, R. Acad. Sci. Napoli, Mem., vol. 2, p.

372, pi. 3, fig. 3 (fide Ellis and Messina, 1940 et seq.).
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non Frondicularia inaequalis Brady, 1884, C'hallenKer Exped. Rep., Zool., vol.

9, p. 521, pi. 66, figs. 8-12.

Hypotype: —From sample, No. RM 19450, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection No. 625784.

Occurrence: —Only seen in a few samples from the Globorotalia

folisi robusta Zone, Pozon formation.

Frondicularia sag-ittula laneeolata van den Broeck

Frondicularia alata Brady {non d'Orb.), 1884, Challenger Exped. Rep., Zool.,

vol. 9, p. 522, pi. 44, figs. 3-5.

Frondicularia sagittula var. laneeolata van den Broeck, Cushman, 1923, U.S.

Nat. Mus., Bull. 104, pi. 4, p. 143, pi. 20, fig. 4, pi. 21, fig. 1 {fide Ren?,

1948).

Remarks: —This form shows great variation within the To-

cuyo and Pozon formations, and it is difficult to decide upon

characters that are constant for the species and subspecies.

The size and relative thickness of the test are subject to vari-

ation as is also the relative size of the proloculum in megalo-

spheric forms. Only megalospheric forms have been recognized in

the Falcon material. Occasional isolated prolocula have also been

observed.

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625785.

Occurrence: —Generally rather scarce throughout the Tocuyo

and Pozon formations below the base of the Sphaeroidinella semi-

nulina Zone.

Genus LAGEJfA Walker and Jacob, 1798

Lagena. asperoides Galloway and Morrey PI. 6, fig. 8

Lagena asperoides Galloway and Morrev, 1929, Bull. Amer. Pal., vol. 15, No.

55, p. 19, pi. 2, fig. 6.

Remarks: —A distinctive species, thick walled, and with a

spherical chamber supporting a rather long neck; wall pustulose

with rounded papillae.

Hypotype: —From sample, No. RM 19180, auger line near

Pozon, eastern Falcon; Plate 6, fig. 8, deposited in U.S.N.M. col-

lection, No. 625787.

Occurrence: —Renz (1948) did not record this species from

the Agua Salada group but Cushman and Stainforth (1945) re-
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corded its occurrence in the Cipero formation of southern Trini-

dad. In eastern PalccHi it occurs, hut rarely, in isolated samples

from the Globiger'uuitella ins net a Zone (.("./.), Tocuyo and Pozon

formations.

I-agrena niittalli Galloway and Heminway PI. 6, fig. 9

Lagena nuttalli CJalloway and Heminway, 1941, New York Acad. Sci., Sci.

Surv. Porto Rico and Virgin Islands, vol. 3, pt. 4, p. 346, pi. 10, fig. 8.

Remarks: —The neck of this species is enlarged formmg almost

a second chamber; ornamented with longitudinal costae.

Hypotype: —From sample, No. RM 19179, aucer line near

Pozon, eastern Falcon; Plate 6, fig. 9, deposited in U.S.N.M. col-

lection, No. 625788.

Occurrence: —Not recorded by Renz (1948) in the Agua

Salada group but is comparatively common in the Cipero forma-

tion of southern Trinidad (Cushman and Stainforth, 1945). Ob-

served infrequently in samples from the Glnhigerinatella insueta

Zone (s.L), Tocuyo and Pozon formations.

Genus LAGENO.NODOS.VRIA Silvestri. 1900

La^eiionoddsaria acostaensis Blow. sp. nov. PI. 7, fig. 10

Diagyiosis: —Test fairly large, consisting of three to four globu-

lar or subglobular chambers, separated by fairly deeply incised

sutures; last chamber with a long, slender, sometimes slightly hispid

neck with a phialine lip; neck without multiple collars; test gen-

erally strongly costate and costae often produced into short spines

over the posterior part of each chamber; costae become weak or

absent in the sutural regions also over the first formed chamber;

last chamber slightly more separated from the penultimate cham-

ber than is the case with the earlier chambers; often with a pro-

nounced basal spine; maximum length of holotype, 0.62 mm.
Remarks: —This form is distinguished from /.. scalaris (Batsch)

by the presence of more deeply incised sutures and the absence of

multiple collars on the long narrow neck.

Holotype: —From sample. No. RM 19444, auger line near

Pozon, eastern Falcon; Plate 7, fig. 10, deposited in the U.S.N.M.

collection. No. 625693.
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Occurrence: —Generally scarce in the Glohigerinatella insueta

Zone (s.l.) but becomes fairly common in the Globorotalia fohsi

"Zone" {s.L), Tocuyo and Pozon formations.

Genus LIIVGULIJVA d'Orbigny, 1826

Lin'^ulliia sriinsdalel Cushman and Renz

Lingulina grimsdalei Cushman and Renz, 1941, Cushman Lab. Foram. Res.,

Contr., vol. 17, pt. 1, p. 14, pi. 3, fig. 1.

Hypotype: —From sample, No. RM 19150, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625789.

Occurrence: —Scarce, only observed in isolated samples from

the Catapsydrax stainforthi Zone and Globigerinatella insueta/Glob-

igerinoides triloba Subzone, Tocuyo formation.

Lingulina prolata (Guppy)

Gonatosphaera prolata Guppy, 1894, Zool. Soc. London, Proc, p. 651, pi. 41,

figs. 14-19 (fide Renz, 1948).

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625790.

Occurrence: —Rare, only observed in samples from the Globi-

gerinatella insueta Zone (s.L), Tocuyo and Pozon formations.

Genus 3IARGINULOA d'Orbigny, 1826

3Iarg'innlina cf. striatula Cushman

cf. Marginulina striatula Cushman, 1913, U.S. Nat. Mus., Bull. 71, p. 79, pi.

23, fig. 4 (fide Ellis and Messina, 1940 et seq.).

Marginulina cf. striatula Cushman, Renz, 1948, Geol. Soc. Amer., Mem. 32,

p. 145, pi. IV, figs. 15-16.

Remarks: —The specimens observed by the writer are similar

to those figured by Renz (1948) and tentatively referred to Mar-

ginulina striatula Cushman. Cushman mentioned the presence of

fine costae on his specimens, but these are not present on the

writer's material, nor are they shown on Renz's illustrations.

Hypotype: —From sample, No. RM 19180, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625792.

Occurrence: —Generally scarce and only observed in isolated

samples from the Catapsydrax stainforthi Zone and Globigerinatella

insueta/Globigerinoides triloba Subzone, Tocuyo formation; also

from the Globigerinatella insueta/Globigerinoides bisph erica Sub-
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zone, Globorotalia folisi "Zone" (s.l.), and Glohorotalia mayeri

Zone [s.l.) and Globorotalia menardii menardii/Globigerina ne-

penthes Zone, Pozon formation.

3Iar§;'inuliiia siibbiilliita Hantken

Marginulina subbullata Hantken, Palmer, 1940, Soc. Ciibana hist, nat., Mem.,
vol. 1+, No. 4, p. 279.

Remarks: —The megalospheric forms show only two chambers

in the mitial coil, and the sutures of the last chambers become hori-

zontal resembling some species ascribed by Loeblich and Tappan

( 1955 ) to their new genus Pandaglandulina. The microspheric forms

have between three and five chambers in the initial coil.

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, near Falcon; deposited in U.S.N.M. collection, No. 625794.

Occurrence: —Generally ubiquitous throughout the Tocuyo

formation and nearly all of the Pozon formation but does not occur

in the rather shallownwater assemblages of the Globigerina bulloides

Zone. Commonin the Globigerinatella insueta Zone (s.l.), Globoro-

talia fohsi "Zone" (s.l.), and in the Globorotalia mayeri Zone (/./.),

Pozon formation.

Genus JfARGINULINOPSIS Silvestri, 1904

Marg-inullnopsis basispinosus (Cushman and Renz) PI. 6, fig. 11

Marginulina basispinosa Cushman and Renz, 1941, Cushman Lab. Foram.
Res., Contr., vol. 17, pt. 1, p. 13, pi. 2, figs. 16-18.

Marginulinopsis basis pinosus (Cushman and Renz), Renz, 1948, Geol. Soc.

Amer., Mem. 32, p. 145, pi. IV, figs. 8a-b, 9, 10.

Remarks: —This form has an initial coil of between three and

five chambers in contact with the proloculum followed by usually

3-5, uniserial chambers arranged at right-angles to the axis of coil-

ing. The species is rather variable; some forms show the initial

coil and first chamber of the uniserial part rather compressed or

triangular in cross-section, in others all the chambers are rounded

or elliptical. Ornamentation may be either costate or papillate or a

combination of both, whilst in some forms ornamentation is want-

ing on the last two or three chambers and much reduced on the

earlier chambers. Often with several radially directed spines on

the initial coiled chambers.
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Hypotype: —From sample, No. RM 20025, auger line near

Pozon, eastern Falcon; Plate 6, fig. 11, deposited in U.S.N.M.

collection. No. 625796.

Occurrence: —Renz (1948) used the occurrence of this species

to define his Marginulinopsis basispinosus Zone, Pozon formation,

(^ upper part Globorotalia niayeri Zone (s.L), Globorotalia men-

ardii menardii/Globigerina nepenthes Zone and basal part Sphae-

roidinella seminulina Zone). In the Falcon region it is restricted to

this interval, but evidence seen in subsurface sections on the Island

of Cubagua shows that it ranges higher mto the Sphaernidmella

seminulina Zone, indicating that its disappearance in Pozon may
be due to ecological rather than stratigraphical reasons.

Genus IVODOSABIA Lamarck, 1812

JTodosariji ciribbeana (Hedberg) PI. 6, fig. 12

Nodosaria raphan'istrum (Linne) var. car'ibbeana Hedberg, 1937, four. Pal.,

vol. 11, No. 8, p. 671, pi. 91, fig. 1.

Remarks: —Hedberg (1937, p. 671) stated "Due to the un-

certainty regarding the exact characters possessed by Linne's spe-

cies, it seems desirable to make a new variety of the form common
in the Tertiary of the Caribbean region."

The writer feels that, m view of this uncertainty concerning

Linne's species and since this form is common in the Oligo-Miocene

of the Caribbean, it should be considered as a distinct species.

The form shows a wide variability in the degree of constriction

between adjacent chambers; even within the one specimen, well

separated chambers occur adjacent to chambers practically in con-

tact with each other. The costate ornamentation also shows great

variability both within the species group and within a single speci-

men; in some cases the costae cross the septal necks unchanged

whilst in others they become much weaker.

Hypotype: —From sample. No. RM 19285, auger line near

Pozon, eastern Falcon; Plate 6, fig. 12, deposited in U.S.N.M. col-

lection, No. 625797.

Occurrence: —Common throughout the upper part of the

Tocuyo formation, in the Globigerinatella insueta/Globigerinoides

bispherica Subzone and in the Globorotalia johsi "Zone" {s.L).
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Rather scarce in the Globorotalia mayeri Zone (s.l.), Globorotalia

menardii menardn'Globigerina ne-penthcs Tone and Sphaeroidinella

seininulina Zone (lower part), Pozon formation.

Jfodosaria oomatus (Batsch)

Nautilus rurtuitus Batsch, 1791, Testaceorum arenulae marinae tabulae sex . .

(Sechs Kupfertafeln mit Conchylien des Seesandes)
, pp. 1, 4 {fide Ellis and

Messina, 1940 ct scq.)

Nodosaria comata Bradv, 1884, Challenger Exped. Rept., Zool., vol. 9, p.

509, pi. 64, figs. 1-5.

Nodosaria comatula Cushman, 1923, U.S. Nat. Mus., Bull. 104, pt. 3, p. 83,

pi. 14, fig. 5 (jidr Renz 1948).

Psrudoglandulina comatula (Cushman), Cushman, 1929, Cushman Lab. Foram.
Res., Contr., vol. 5, p. 87.

Remarks: —Loebhch and Tappan (1955) discussed the vaHdity

of the genus PseudogUuididina Cushman (the type species of which

is this snecies) and they pointed out that Pseudoglandidina Cush-

man, 1929 must be considered a junior synonym of Nodosaria La-

marck, 1812, and is, therefore, invahd.

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625799.

Occurrence: —Although Renz (1948) only reported this species

from the Robulus wallacei Zone and Siphogenerina transversa

Zone i^^Catapsydrax stainforthi Zone to lower part Globorotalia

fohsi johsi Zone), the present writer has observed this form in the

Globorotalia johsi lobata and Globorotalia johsi robusta Zones, and

the Globorotalia mayeri Zone (-<"./.); furthermore, occasional speci-

mens have been observed in the Globorotalia ^nenardii menardii/-

Globigerina nepenthes Zone and the lowermost part of Sphaeroidi-

nella seminulina Zone, Pozon formation.

It is associated in the Pozon formation with mainly planktonic

assemblages and is absent in faunas containing abundant Uvigerina

isidroensis, Bohvina imporcata and Bolivina simplex; the abund-

ance of these latter forms suggests rather shallow-water conditions.

Brady ( 1884) and others recorded the occurrence of this species

at depths of circa 800 metres.

Xortosarla? lonjfiscata d'Orbigny

Nodosaria loiigisrata d'Orbigny, 1846, Foraininiferes fossiles du bassin ter-

tiaire de Vienne (Autriche)
, p. 32, pi. 1, figs. 10-12. (Fide Ellis and

Messina, 1940 et seq.).
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Reviarks: —This distinctive and well-known species is charac-

terized by the elongate but narrow chambers with rather poorly

defined constictions between adjacent chambers. Specimens show-

ing bulbous, inflated prolocula are not infrequent. In the material

from Pozon, specimens showing the form and characters of the

aperture have not been observed, and, therefore, unambiguous

generic identification is not possible. Some broken specimens show

in end view what appears to be a multiple wall structure consisting

of two rather thick concentric layers. It is doubtful if D'Orbigny's

drawing of an end view actually shows the aperture but more likely

an end view of a broken specimen. In view of the absence of speci-

mens showing undoubted apertural characters this species is only

doubtfully referred to the genus Nodosaria.

Hypotype: —From sample. No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection No. 625800.

Occurrence: —Common in the Catapsydrax stainforthi Zone,

Globigerinatella insiieta/Globigerinoides triloba Subzone, Tocuyo

formation and in the Pozon formation below the Globorotalia tnay-

eri Zone {s.l.)\ scarce in the Globorotalia menardii menardii/Globi-

gerina nepenthes Zone, Pozon formation.

Nodosaria mittalli Hedberg

Nodosaria nuitalli Hedberg, 1937, Jour. Pal., vol. 11, p. 673, pi. 91, fig. 6.

Hypotype: —From sample, No. RM 19284, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625802.

Occurrence: —Fairly common or common in the Catapsydrax

stainforthi Zone and Globigerinatella insueta/Globigerinoides triloba

Subzone, Tocuyo formation; also in the Globigerinatella insueta/-

Globigerinoides bispherica Subzone, Globorotalia fohsi "Zone" (s.l.),

Pozon formation.

Nodosaria sehliohti Reuss

Nodosaria {Nodosaria) schlichti Reuss, 1870, K. Akad. Wiss. Wien, Math.-
Naturw. CI., Sitzber., vol. 62, Abt. 1, p. 472, pi. 6, figs. 29-31 {fide Ellis

and Messina 1940 c1 scq.).

Nodosaria schlichti Reuss, Renz, 1948, Geol. Soc. Amer., M'em. 32, p. 147, pi.

IV, fig. 25, pi. V, fig. 5.

Hypotype: —From sample. No. RM 19283, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625804.
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Occurrence: —Generally scarce but observed in all zones below

the middle part of the Globorotalia menardii menardii/Globigerina

nepenthes Zone, Tocuyo and Pozon formations.

Xodosaria stainforthi C'ushman and Renz

Noiiosaria stabiforthi Cushman and Renz, 1941, Cushinan Lab. Foram. Res.,

Contr., vol. 17, pt. 1, p. 15, pi. 3, fig. 4.

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625806.

Occurrence: —Generally scarce in the upper part of the Tocuyo

formation and in the Pozon formation, below the Globorotalia

mayeri Zone (s.L), but sometimes several specimens occur in

single samples from the Globorotalia ynenardii menardii/Globigerina

nepenthes Zone where the faunas are suggestive of a deeper than

usual environment.

JVodosaria vertebralis (Batsch)

Nautilus (Orthocrras) vcrtchralis Batsch, 1791, Testaceorum arenulae

marinae tabulae sex... (Sechs Kupfertafeln init Conchylien des Seesandes),

pt. 3, \o. 6, pi. 2, figs. 6a-b. (fidr Ellis and Messina, 1940 ct srq.).

Sodosaria vntrhrdlis (Batsch), Hedberg, 1937, Jour. Pal., vol. 11, No. 8,

p. 671, pi. 91, fig. 2.

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625808.

Occurrence: —As for Nodosaria stainforthi with which it is

often associated.

Genus TLAIVULARIA Def ranee, 1824

Planularia clara ("ushman and Jarvis

Planularia clara Cushman and Jarvis, 1929, Cushman Lab. Foram. Res.,

Contr., vol. 5, pt. 1, p. 7, pi. 2, figs. 14-15.

Hypotype: —From sample. No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625809.

Occurrence: —Although Renz (1948) recorded this form not

higher than his Valvulineria herricki Zone, Pozon formation, the

writer has observed specimens associated with Marginulinopsis basis-

pinosus. It is rare in the Globigerinatella insueta Zone {s.l.) but

becomes fairly common in the Globorotalia fohsi "Zone (s.L). Iso-

lated specimens occur in the Globorotalia mayeri Zone {s.L), the
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Globorotalia ynenardii menardii/GIobigerina nepenthes Zones and

in the lowermost part of the Sphaeroidinella seminulina Zone,

Pozon formation.

Planularia veiiezuelana Hedberg

Planularia venrzuelana Hedberg, 1937, Jour. Pal., vol. 11, No. 8, p. 670,

pi. 90 figs. 14a-b.

Hypotype: —From sample, No. RM 19281, auger hne near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625811.

Occxirrence: —Scarce and only observed m the Globigerinatella

insueta/Globigerinoides bisph erica Subzone, Tocuyo and Pozon

formations.

Genus PSEUDONODOSARIABoomgaart, 1949

According to Loeblich and Tappan (1955, p. 6), this genus was

defined by Boomgaart as follows:

Test free, uniserial and rectilinear throughout, chambers embracing
strongly in the early portion, later chambers inflated, less embracing and
separated by constricted sutures; sutures horizontal; aperture terminal, radiate.

Pseiidoiiodosaria inclsa (Neugeboreii) PI. 7, fig. 13

Glandiilina incisa Neugeboren, 1850, Siebenb. Ver. Naturw., Hermannstadt,
Verh. Mitt., Jahr. 1, No. 4, p. 52, pi. 1, figs. 7a-b (fide Ellis and Messina,

1940 et seq.).

Pseudoglandulitia incisa (Neugeboren), Renz, 1948, G-eol. Soc. .Amer., Mem.
32, p. 154, pi. V, fig. 16.

Remarks: —This species has the characters required for in-

clusion in Boomgaart's genus. It has no trace of a bisenal early

stage. The early chambers are strongly embracing whilst the last

chamber is well separated from the earlier chambers and fairly in-

flated. Aperture terminal, radiate.

Hypotype: —From sample, No RM 19117, auger line near

Pozon, eastern Falcon; Plate 7, fig. 13, deposited in U.S.N.M. col-

lection. No. 625813.

Occurrence: —Generally scarce and often occurs as single speci-

mens in samples from the Catapsydrax stainjorthi Zone, Globi-

gerinatella insueta/Globigerinoides triloba Subzone, Globigerinatella

insueta/Globigerina bispherica Subzone, Globorotalia fohsi "Zone"

(s.L), Globorotalia mayeri Zone (.c/. ), and Globorotalia menardii

menardii/GIobigerina nepenthes Zone, Tocuyo and Pozon forma-

tions.
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Genus KECTOfiLAXDULIXA Loeblich and Tappan, 1955

Loeblich and Tappan (1955), gave the following diagnosis for

their genus:

Test free, uniserial, with chambers increasing rapidly in diameter and stronglv

overlapping, sutures horizontal and parallel, never strongly depressed; wall

calcareous; aperture terminal, radiate.

Loeblich and Tappan further remarked that Rectoglandulina

differs from Pseudonodosaria Boomgaart, 1949 m having all the

chambers closely appressed and with the later chambers not sep-

arated by constricted sutures.

Kecto^laiululina f^allowavi paucicostata (Cushman and Renz)
PI. 6. fig. 14

Pscudoglandulina ffalloivayi Cushman var. paucicostata Cushman and Renz,

1941, Cushman Lab. Foram. Res., Contr., vol. 17, pt. 1, p. 16, pi. 3, fig. 5.

Remarks: —This species appears to have the characters re-

quired for inclusion in Rectoglandulina. The last suture is only

slightly constricted. The strongly costate ornamentation makes it

difficult to judge to what extent the chambers overlap.

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; Plate 6, figure 14, deposited in U.S.N.M.

collection, No. 625814.

Occurrence: —Generally rather scarce and only observed in

samples from the Globigerinatella insueta Zone (s.l.), Tocuyo and

Pozon formations.

Genus IJOIJULrS Montfort, 1808

Robiiliis aniericanus (Cushman)

Cristrllaria amrricana Cushman, 1918, U.S. Geol. Surv., Bull. 676, p. 50, pi.

10, figs. 5-6.

Rohulus amnicanus (Cushman), Cushman and Cahill, 1933, U.S. Geol. Surv.,

Prof. Paper 175-A, p. 12, pi. 3, figs. 6a-c.

Hypotype: —From sample. No. RM 19117, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No.

625815.

Occurrence: —Generally common throughout all zones of the

Tocuyo and Pozon formations below the Globigerina bulloides Zone,

in which only isolated specimens occur. The species varies con-

siderably in fre(|uency from sample to sample throughout the sue-
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cession, being rare in samples containing abundant Uvigerina isi-

droensis, Bulivina simplex, and Bulivina imporcata.

Kobuliis aiiiericaniis graiKlls (Cushman)

Cristellaria amcricana Cushman var. grandls Cushman, 1920, U.S. Geol. Surv.

Prof. Paper 128-B, p. 68, pi. 11, fig. 2 {fide Ellis and Messina, 1940 et seq.).

Hypotype: —From sample. No. RM 19117, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No.

625816.

Occurrence: —Fairly common in most zones below the Globi-

gerina bulloides Zone, Pozon formation, but varies considerably in

frequency from sample to sample. General distribution is similar

to the parent species.

Kobnlus americanus spinosus (Cushman)

Cristellaria americana Cushman var. spinosa Cushman, 1918, U.S. Geol.

Surv., Bull. 676, p. 51, pi. 10, fig. 7.

Remarks: —This subspecies is distinguished from the parent

species by the spines which extend radially from the peripheral part

of the sutures. The spines are variable, both in length and thick-

ness.

Hypotype: —From sample, No. RM 19181, auger line Pozon,

eastern Falcon; deposited in U.S.N.M. collection, No. 625817.

Occurrence: —Generally scarce in the Catapsydrax stainforthi

Zone, Globigerinatella insueta Zone {s.l.) and Globorotalia fohsi

"Zone" {s.l.), Tocuyo and Pozon formations. It becomes fairly

common or common in the Globorotalia ynayeri Zone {s.l.), Globo-

rotalia m^enardii menardii/Globigerina nepenthes Zone and in the

lower part of the Sphaeroidinella sem,inulina Zone, Pozon formation.

Isolated specimens also occur in the upper part of the Sphaeroid-

inella se^yninulina Zone and in the Globigerina bulloides Zone. This

subspecies seems to prefer a somewhat shallower environment than

the parent species.

Robulus areuatostriatus caroliiiiamis Cushman

Robulus areuatostriatus (Hantken) var. carolinianus Cushman, 1933, Cush-
man Lab. Foram. Res., Contr., vol. 9, p. 4, pi. 1, fig. 9 {fide Renz, 1948).

Hypotype: —From sample, No. RM 19117, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No.

625818.
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Occurrence: —Scarce and only observed in isolated samples

from the Catapsydrax stainjorthi Zone, Glohigerinatella insueta

Zone (/./.) and Globorotalia johsi "Zone" {s.L), Tocuyo and Pozon

formations.

Kobiilus caloar (Linne)

Nautilus calcar Linne, 1767, Systema naturae, 12th ed., vol. 1, p. 1162, No.

272 (fide Renz, 1948.).

Robulus calcar (Linne), Galloway and Morrey, 1929, Bull. Amer. Pal., vol.

15, No. 55, p. 20. pi. 2, fig. 10.'

Hypntype: —From sample. No. RM 19117, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No.

625819.

Occurrence: —Generally common in the Catapsydrax stain-

jorthi Zone, Glohigerinatella insueta Zone (s.L), Globorotalia johsi

"Zone" (s.l.) and Globorotalia maycri Zone (sJ.), Tocuyo and

Pozon formations. It becomes scarce and sporadic in occurrence

within the Globorotalia inenardii menardii/Globigerina nepenthes

Zone and in the Sphaeroidinella seminuUna Zone; occasional speci-

mens have been observed in the Globigerina hulloides Zone, Pozon

formation.

Robulus clericii (Fornasini)

Robulus clericii (Fornasini), Cushinan, 1929, Cushman Lab. Foram. Res.,

Contr., vol. 5, p. 84, pi. 12, figs. 16-17.

Remarks: —Renz (1948, p. 158) discussed the variability of

this form within the Agua Salada group and pointed out that this

species and Robidus chambersi Garrett, 1939 can only be dis-

tinguished m extreme cases.

Hypotype: —From sample. No. RM 19180, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No.

625820.

Occurrence: —Generally fairly common in all zones of the

Tocuyo and Pozon formations below the Globorotalia menardii

menardii/Globigerina nepenthes Zone. Occasional specimens have

been observed in the Sphaeroidinella sem,inulina Zone, Pozon for-

mation.

Kohuliis formosus (fushman)

Cristcllaria formosa Cushman, 1923, U.S. Nat. Mus., Bull. 104, pt. 4, p. 110,

pi. 29, fig. 1; pi. 30, fig. Kfide Ellis and Messina, 1940 rt scj.).
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Hypotype: —From sample, No. RM 19182, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No.

625822.

Occurrence: —Scarce and only observed in isolated samples

from the Globigerinatella insueta Zone (s.L), Globorotalia fohsi

"Zone" (s.L), and in the Globorotalia mayeri Zone {s.L), Tocuyo

and Pozon formations.

Robulus liedberg'i Cushman and Renz

Robulus hedherg'i Cushman and Renz, 1941, Cushman Lah. Foram. Res.,

Contr., vol. 17, pt. 1, p. 10, pi. 2, fig. 9.

Hypotype: —From sample, No. RM 19112, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No.

625823.

Occurrence: —Scarce and only seen in isolated samples from

the Catapsydrax stainjorthi Zone and the Globigerinatella insueta

Zone {s.L), Tocuyo and Pozon formations.

Robnlus iotus (Cushman)

Cristellaria iota Cushman, 1923, U.S. Nat. Mus., Bull. 104, p. Ill, pi. 29,

fig. 2; pi. 30, fig. 1 {fide Ellis and Messina, 1940 et seq.).

Hypotype: —From sample. No. RM 19178, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No.

625824.

Occurrence: —Scarce, only observed in isolated samples from

the Globigerinatella insueta Zone {s.L), Globorotalia fohsi "Zone"

{s.L) and in the Globorotalia 'mayeri Zone {s.L), Tocuyo and

Pozon formations.

Robulus nielvilli Cushman and Renz

Robulus mel'viUi Cushman and Renz, 1941, Cushman Lab. Foram. Res.,

Contr., vol. 17, pt. 1, p. 12, pi. 2, fig. 12.

Hypotype: —From sample. No. RM 19116, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No.

625825.

Occurrence: —Generally scarce but observed throughout all

zones of the Tocuyo and Pozon formations, below the middle part

of the Sphaeroidinella seminuli?ia Zone.
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Koluiliis iiuttalli ("ushman and Renz

Robulus nuttalli Cushinan and Renz, 1941, Cushman Lab. Foram. Res., Contr.,

vol. 17, pt. 1, p. 11. pi. 2, fig. 10.

Hypotype: —From sample, No. RM 19181, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625826.

Occurrence: —Generally scarce and only observed m isolated

samples from the Globigerinatella insueta Zone {s.l.), and from the

Glohorotalia fohsi "Zone" (s.L), Tocuyo and Pozon formations.

liubiilus (K't'identalis torridiis (Cushman)

Cristfllaria orcidrntalis Cushinan var. torrida Cushman, 1923, U.S. Nat.

Mus., Bull. 104, p. 105, pi. 25, fig. 1 [fide Ellis and M^essina, 1940 rt scq.).

Robulus occldftitalis (Cushman) var. torridus (Cushman), Cushman and
Jarvis, 1930, Jour. Pal., vol. 4, No. 4, p. 357, pi. 32, figs. 8a-b.

Hypotype: —From sample. No. RM 19180, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No.

625827.

Occurrence: —Fairly common in all zones of the Tocuyo and

Pozon formations below the Sphaeroidinella seminulina Zone.

Kobulus protuberaiis (Cushman)

Crisii'llar'ui protuhcrans Cushman, 1918, U.S. Nat. Mus., Bull. 103, p. 61,

pi. 22, fig. 2 {I'lde Ellis and Messina, 1940 ct scq.).

Robulus protuhcrans (Cushman), Ciallovvay and Heminway, 1941, New
York Acad. Sci., Sci. Surv. Porto Rico and Virgin Islands, vol. 3, pt. 4, p.

351, pi. 11, figs.l3a-h.

Hypotype: —From sample, No. RM 19151, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625828.

Occurrence: —Scarce, only observed in isolated samples from

the Globigernatella insueta/Globigerinoides triloba Subzone, To-

cuyo formation.

Kobulus seniii Cushman and Renz PI. 6, fig. 15

Robulus scnni Cushman and Renz, 1941, Cushman Lab. Foram. Res., Contr.,

vol. 17, pt. 1, p. 12, pi. 2, figs. 14-15.

Remarks: —Ihis form shows considerable variation in the

degree of uncoiling and thickness of the test. Earlier forms seem to

be thicker and less uncoiled than later forms. It is possible that

it may be related to Robulus subaculeatus glabratus Cushman.

Hypotype: —From sample. No. RM 19820, auger line near
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Pozon, eastern Falcon; Plate 6, figure 15, deposited in U.S.N.M.

collection, No. 625829.

Occurrence: —Common in the upper part of the Globorotalia

menafdii menardii/ Globigerina nepenthes Zone and m the Sphae-

roidinella seminulina Zone, Pozon formation. Renz (1948) used the

partial occurrence of this species to define his Robulus senni Zone.

The upper boundary of this Robulus senni Zone is strongly in-

fluenced by facies with the incoming of somewhat impoverished

facies faunas in the Pozon area; whilst at El Mene de Acosta,

environmental conditions were such that the "normal" faunas of the

Robulus senni Zone continued to a higher stratigraphical level.

Hence, the upper boundary of the "zone" is strongly diachronous

between the two areas. Indeed, in the Poz6n-El Mene Road section

there is an alternation and interdigitation of facies so that it is

not always possible to separate unambiguously the Robulus senni

"Zone" from the Trochummina cf. pacifica-V aginulinopsis super-

bus Zonule.

Kobulus subaciileatus grlabratiis (Ciishman)

Cristellaria subaculcata Cushman var. glabrala Cushman, 1923, U.S. Nat.

Mus., Bull. 104, p. 124, pi. 32, fig. 4 (fide Ellis and Messina, 1940 ct seq.).

Robulus subaculcatus (Cushman) var. glabratus (Cushman), Renz, 1948,

Geol. Soc. Amer., Mem. 32, p. 160, pi. Ill, figs. 20-21.

Remarks: —This subspecies shows considerable variation in

morphology. The earlier forms are often tightly coiled and have a

generally stoutly built test with strongly developed ornamentation.

Later forms show a considerable degree of uncoiling with less well-

developed ornamentation and a somewhat more compressed test.

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625830.

Occurrence: —Common in the Catapsydrax stainjorthi Zone

and Globigerinatella insueta Zone (s.l.), Tocuyo formation and

Pozon formation; also in the Globorotalia fohsi "Zone" (s.l.), and

the Globorotalia mayeri Zone {s.l.)\ occasional specimens have

been observed in the Globorotalia menardii menardii/ Globigerina

nepenthes Zone, Pozon formation.

Kobulns siiteri Cushman and Renz

Robulus suteri Cushman and Renz, 1941, Cushman Lab. Foram. Res.. Contr.,

vol. 17, pt. 1, p. 10, pi. 2, figs. 5-8.
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Hypotype: —From sample, No. RM 19280, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No.

625832.

Occurrence: —Generally scarce but observed in samples from

all zones of the Tocuyo and Pozon formations below the top of

the Glohorotalia mcnardii menardii/Globigerina nepenthes Zone.

Robalus vortex (Fichtel and Moll)

Nautilus vortex Fichtel and Moll, 1798, Test. Micro., p. 33, pi. 2, figs, d-i

(fidr Ellis and Messina, 1940 et seq.).

CristfUaria vortex (Fichtel and Moll), Brady, 1884, Challenger Exped., R.ept.

Zool., vol. 9, p. 548, pi. 69, figs. 14-16.

Rohulus vortex (Fichtel and Moll), Renz, 1948, CJeol. Soc, .^nier., Mem. 32,

p. 161.

Hypotype: —From sample, No. RM 19340, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625834.

Occurrence: —Scarce, only observed in isolated samples from

the Glohorotalia fohsi "Zone" (s.l.), Pozon formation.

Kobnliis wallacei (Hedberg) PI. 6. figs. 16, 17

Maryinulina ivallaeei Hedberg, 1937, Jour. Pal., vol. 11, No. 8, p. 670, |)l.

90, figs. 15-17.

Rohulus icallacei (Hedberg), Renz, 1948, Geol. Soc. -Vmer., Mem. 32, p. 161,

pi. I\^ figs. 19-20.

Remarks: —Hedberg described this form as belonging to the

genus Marginulina, but Renz included the species in the genus

Rohulus. It shows considerable variation in morphology. The ear-

lier forms are closely coiled with well-developed ornamentation and

with characteristic tangential "cross-bars". The later forms show

the last 2-3 chambers uncoiled and often devoid of ornamentation.

In the uncoiled forms, the last chamber may be rather pointed and

the aperture subterminal and not peripheral as in the earlier more

tightly coiled chambers. Ornamentation is variable and generally

later forms show a rather more weakly developed ornamentation.

Hypotype: —From sample, No. RM 19117, auger line near

Pozon, eastern Falcon; Plate 6, figure 17, deposited in U.S.N.M.

collection. No. 625835; Plate 6, figure 16, from sample RM 19179,

also deposited in U.S.N.M. collection. No. 625836.

Occurrence: —Renz used this form to define his Rohulus

zvallacei Zone, Tocuyo formation, which is equivalent to the Catap-
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sydrax stainforthi Zone plus the Globigerinatella insueta/Globi-

gerinoides triloba Subzone. It is often abundant in this interval to

which it appears restricted.

Genus SAILiCEJfARIA Defrance, 1824

Saracenaria itiilica acutocariiiata (Cushman)

Cristellaria italica (Defrance) var. acutocar'uiata Cushman, 1917, U.S. Nat.

Mus., Proc, vol. 51, No. 2172, p. 661 [fide Renz, 1948).

Saracenaria italica Defrance var. acutocarinata (Cushman), Renz, 1948,

Geol. See. Amer., Mem. 32, p. 162, pi. V, fig. 19.

Hypotype: —From sample, No. RM 19280, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625837.

Occurrence: —Scarce and only observed in isolated samples

from the Globigerinatella insueta Zone (s.l.), Tocuyo and Pozon

formations.

Saracenaria italica carapitana Franklin

Saracenaria italica Defrance var. carapitana Franklin, 1944, Jour. Pal., vol.

18, p. 312, pi. 45, fig. 14.

Hypotype: —From sample. No. RM 19181, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625839.

Occurrence: —Scarce and only occurs sporadically in samples

from the Globigerinatella insueta Zone {s.l.) and Globorotalia fohsi

"Zone" (s.l.), Tocuyo and Pozon formations.

Saracenaria latifrons (Brady)

Cristellaria latifrons Brady, 1884, Challenger Exped., Rept., Zool., vol. 9,

p. 544, pi. 113, figs, lla-b.
Saracenaria latifrons (Bradv), Renz, 1948, Geol. Soc. Amer., Mem. 32, p.

162, pi. V, fig. 22.

Hypotype: —From sample, No. RM 19279, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No.

625841.

Occurrence: —Scarce and only observed in isolated samples

from the Globigerinatella insueta /Globigerinoides bispherica Sub-

zone, and the Globorotalia mayfri Zone {s.l.), Pozon formation.

Saracenaria schencki Cushman and Hobson

Saracenaria schencki Cushman and Hobson, 1935, Cushman Lab. Foram.
Res., Contr., vol. 11, pt. 3, p. 57, pi. 8, fig. 11 {fide Ellis and Messina,
1943 et seq.).
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Hypotype: —From sample. No. RM 19116, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No.

625843.

Occurrence: —Scarce but occurs sporadically in isolated samples

from all zones of the Tocuyo and Pozon formations below and in

the Globorotalia vtenardii menardii/Globigerina nepenthes Zone.

Saraconaria svnni Hedberg

Saracenaria srnni Hedberg, 1937, Jour. Pal., vol. 11, No. 8, p. 674, pi. 90,

figs. 18a-b.

Hypotype: —From sample, No. RM 19116, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No.

625845.

Occurrence: —Scarce, only seen in isolated samples from the

Catapsydrax stainforthi Zone and Globigerinatella insueta/Globi-

gerinoides triloba Subzone, Tocuyo formation.

Genus VAGINULINA d'Orbigny, 1826

Vag'iiiiiliiia ala/aneiisis Nuttall

I'aghiulinii alazanrtisis Nuttall, 1932, Jour. Pal., vol. 6, No. 1, p. 17, pi. 1,

fig. 11.

Hypotype: —From sample, No. RM 19284, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No.

625847.

Occurrence: —Scarce, only observed in isolated samples from

the (j/ohigrrinatella insueta Zone (s.L), Globorotalia fohsi haris-

anensis Zone and Globorotalia fohsi fohsi Zone, Tocuyo and Pozon

formations.

Vagiiiiiliiia siiblitiuis (Nuttall) Pi. 7, fig. 18

Astdfohis siihlituus (Nuttall), (Jalioway and Ileminway, 1941, New York
Acad. Sci., Sci. Surv. Porto Rico and Virgin Islands, vol. 3, pt. 4, p. 335,

pi. 8, figs, lla-b.

Remarks: —liie initial coil is small, consistmg of three or four

chambers in contact with the prolocuhun. Sutures of the later

chambers are directed towards the aperture at the ventral margm
but become transverse and horizontal, meetmg the dorsal margin

very nearlv at right angles. I est much compressed. 4 his species
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seems to be best placed in the genus Vaginulina as emended by

Bartenstein (1948).

Hypotype: —From sample, No. RM 19117. auger line near

Pozon, eastern Falcon; Plate 7, figure 18, deposited in U.S.N.M.

collection, No. 625849.

Occurrence: —Fairly common in the Catapsydrax stainforthi

Zone and recorded in isolated samples from the Glohigerinatella

insueta Zone (sJ.), Tocuyo and Pozon formations.

Genus VAGIlVULIiVOPSIS Silvestri, 1904

Yaginulinupsis superbus (Cushman and Renz) PI. 6, fig. 19

Marginulina superha Cushman and Renz, 1941, Cushman Lab. Foram. Res.,

Contr., vol. 17, pt. 1, p. 14, pi. 2, figs. 19-20.

Vaginulinopsis supcrbus (Cushman and Renz), Renz, 1948, Gaol. Soc. Amer.,
Mem. 32, p. 177, pi. IV, figs. 17a-b, 18.

Hypotype: —From sample, No. RM 19849, auger hne near

Pozon, eastern Falcon; Plate 6, fig. 19, deposited \n U.S.N.M. col-

lection, No. 625850.

Remarks: —Occasional specimens have been observed m the

middle part of the Globorotalia menardii menardii/Globigerina

nepenthes Zone, becoming fairly common in the lower part of the

Sphaeroidinella seminulina Zone but rather scarce in the middle

to upper part of the same zone. It does not persist into the Globi-

gerina bulloides Zone.

Family POLY^IORPHIJODAE

Genus GLANDULINA d'Orbigny. 1826

(xlandnliiia laevif?ata d'Orbigny

Nodosaria (Glandulina) laevigata d'Orbigny, 1826, Ann. Sci. Nat., Paris,

ser. 1, vol. 7, p. 252, pi. 10, figs. 1-3 (fide Ellis and Messina, 1940 et seq.).

Pseudoglandulina laevigata (d'Orbigny), Renz, 1948, Geol. Soc. Amer.,
Mem. 32, p. 154, pi. V, figs. 14-15.

Remarks: —The specimens observed by the writer appear to

be typical of the species and show the biserial early stage.

Hypotype: —From sample. No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No.

625852.

Occurrence: —Generally scarce, but observed in all zones of

the Tocuyo and Pozon formations below the Sphaeroidinella seminu-
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Una Zone. Often occurs associated with mainly planktonic faunas.

Genus GUTTULINA d'Orbigny. 1S39

Outtnlina irreg-iilaris (d'Orbigny)

Globiilina irregularis d'Orbigny, 1846, Foraminiferes fossils du bassin

tertiaire de Vieiine (Autriche), p. 226, pi. 13, figs. 9-10. {fide Ellis and
Messina, 1940 ct srq.).

Guttulina irregularis (d'Orbigny), Cushman and Ponton, 1932, Florida Geol.

Surv., Bull. 9, p. 64, pi. 9, figs. 10-12.

Ilypotype: —From sample, No. RM 19180, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625854.

Occurrence: —Scarce and only observed in a few isolated sam-

ples from the Glohigerinatella insiieta/Globigerinoides triloba Sub-

zone and in the lower part of the Glohigerinatella insueta/Globi-

gerinoides bisph erica Subzone, Tocuyo formation. It is usually as-

sociated with mainly planktonic faunas.

(rnttnlina jarvlsi Cushman and Ozawa

Guttulina jarvisi Cushman and Ozawa, 1930, U.S. Nat. Mus., Proc, vol.

77, No. 2829, p. 39, pi. 8, figs. 4-5.

Hypotype: —From sample, No. RM 19284, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625856.

Occurrence: —Scarce and only observed in a few samples from

the Globigerinatella insueta/Globigerinoides bispherica Subzone,

Pozon formation.

Family NONIONII) AE

Genus ELTHIDirM Montfort, 1808

ElphJdium poejanum (d'Orbigny) PL 7, fig. 20

Polystomella poeyana d'Orbigny, 1839, "Foraminiferes'' in de la Sagra,

Histoire physique, politique et naturelle de I'Tle de Cuba, p. 55, pi. 6, figs.

25-26 (/n/r Ellis and Messina, 1940 et serj.).

Elphidium poeyanum (d'Orbigny), Cushman, 1930, U.S. Nat. Mus., Bull.

104, p. 25, pi. 10, figs. 4-5 (/;</<• Renz, 1948).

Remarks: —A fairly distinctive form with rather inflated cham-

bers and moderately depressed sutures. The retral processes are not

well marked.

Hypotype: —From sample, No. RM 20131, auger line near

Pozon, eastern Falcon; Plate 7, figure 20, deposited in U.S.N.M.

collection, No. 625858.
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Occurrence: —Observed in isolated samples from the upper

part of the Sph aeroidinella semimdina Zone and infrequently in the

lower part of the overlying Globigerina bidloides Zone, but becomes

comparatively common in the higher part of this latter zone indi-

cating an approach to brackish-water conditions. It is common in

the Ojo de Agua formation which overlies the Pozon formation,

where it is often associated with Chara seeds.

Genus IVONIOIV Montfort, 1808

N^onion affinis (Reuss)

Nonionina affinis Reuss, 1851, Deutsch. Geol. Ges., Zeitschr., vol. 3, p. 72,

pi. 5, figs. 32a-b {fide Ellis and Messina, 1940 et seq.).

Nonion affine (Reuss), Cushman, 1929, Cushman Lab. Foram. Res., Contr.,

vol. 5, p. 89, pi. 13, fig. 24.

Hypotype: —From sample, No. RM 19181, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625860.

Occurrence: —Generally scarce but occurs in the Catapsydrax

stainjorthi Zone, Globigerinatella insueta Zone (s.l.)^ Globorotalia

fohsi "Zone" (s.L), and Globorotalia mayeri Zone (s.l.), Tocuyo

and Pozon formations. This species of Nonion seems to occur in a

possible deepwater environment as evidenced by its association

with mainly planktonic faunas.

Nonion costiferus* (Cushman)

Nonionina costifera Cushman, 1926, Cushman Lab. Foram. Res., Contr.,

vol. 1, p. 90, pi. 13 (fide Ellis and Messina, 1940 et seq.).

Nonion costiferum (Cushman), Renz, 1948, Geol. Soc. Amer., Mem. 32,

p. 148, pi. VI, figs. 5a-b, pi. XII, figs. 6a-b.

Hypotype: —From sample. No. RM 19360, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625862.

Occurrence: —Ubiquitous, occurring in all zones of the upper

Tocuyo and Pozon formations below and in the Sphaeroidinella

semimdina Zone. Varies considerably in frequency and often asso-

ciated with Bolivina imporcata and Uvigerina isidruensis, suggest-

ive of a rather shallow but clear water environment.

Nonion incisns kemensis Kleinpell

Nonion incisum (Cushman) var. kernensis Kleinpell, 1938, Amer. Assoc.

Petr. Geo!., Spec. Pub., p. 232.

Nonion incisum (Cushman) var. kernensis Kleinpell, Renz, 1948, Geol. Soc.

Amer., Mem. 32, p. 148, pi. VI, figs. 4a-b.

* Montfort used Nonion in masculine gander. —Ed.
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Hypotype: —From sample, No. RM 19360, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625864.

Occurrence: —Similar to Nonion costijerus but often occurs

as well with mainly shallow-water arenaceous assemblages in the

Sphaeroidinella seminulina Zone and Globigerina bulloides Zone,

Pozon formation.

Jfonion pompilioides (Fichtel and Moll)

Nautilus pompilioides Fichtel and Moil, 1798, Testacea microscopica aliaque

minuta ex generibus Argonaiita et Nautilus, p. 31, pi. 2, figs, a-c, 1803

reprint. (Fide Ellis and Messina, 1940 ct scq.).

Nonion pompilioiJrs (Fichtel and Moll), Cushman, 1929, Cushman Lab.

Foram. Res., Contr., vol. 5, p. 89, pi. 13, figs. 25a-b.

Hypotype: —From sample. No. RM 19181, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625866.

Occurrence: —Fairly common in the Catapsydrax stainjorthi

Zone, Globigerinatella insueta Zone (s.l.), and Glnborotalia fohsi

barisanensis Zone, Tocuyo and Pozon formations. Also observed in

isolated samples containing mainly planktonic assemblages from

the Globorotalia fohsi fohsi Zone and Globorotalia fohsi lobata Zone,

Pozon formation.

Family HETEROHELICIl) VE

Genus rLECTOFKOXDICULARIA Liebus, 1903

Plectofroiidicularia califoniica Cushman and Stewart

Plrciofrondicularia californica Cushman and Stewart, 1926, Cushman Lab.

Foram. Res., Contr., vol. 2, p. 39, pi. 6, figs. 9-11 {fide Ellis and Messina,

1940 et seq.).

Pleetofrondicularia californica Cushman and Stewart, Cushman, 1929, Cush-

man Lab. Foram. R'cs., Contr., vol. 5, p. 90, pi. 13, figs. 18-19.

Hypotype: —From sample. No. RM 19280, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625868.

Occurrence: —Generally scarce and only observed in isolated

samples from the Globigerinatella insueta Zone {s.l.), Tocuyo and

Pozon formations.

Pleetofrondicularia floridana Cushman

Pleetofrondicularia floridana Cushman, 1930, Florida Geol. Surv., Bull. 4,

p. 41, pi. 8, fig. 1 (fide Ellis and Messina, 1940 et seq.).

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern P'alcon; deposited in U.S.N.M. collection, No. 625870.
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Occurrence: —Fairly common m all zones of the Tocuyo and

Pozon formations below the Sphaeroidine/la seminulina Zone, but

only observed as single specimens in isolated samples within the

lower to middle part of this latter zone.

rieotofroiulicularia cf. longistriata LeRoy

cf Plcctofrondkularia lotigistriata LeRoy, 1939, Natuurlc. Tijdschr. Nederl.
Indie, deel 99, afl. 6, p. 241, pi. 5, figs. +-6 (fide Ellis and Messina, 1940

ct scq.)

.

cf. Plcctofrondkularia lotigistriata LeRov, 1944, Colorado School Mines,
Quart., vol. 39, No. 3, p. 25, pi. 1, fig. 5l'; pi. 5, fig. 38.

Remarks: —The specimens seen in Falcon are usually broken

and fragmentary and, therefore, only tentatively referred to Le-

Roy 's species, although they seem to agree in general characteris-

tics. The costae are rather variable, sometimes being well developed

and in other specimens being weakly developed.

Hypotype: —From sample. No. RM 19284, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625872.

Occurrence: —Scarce and onh^ observed as single specimens in

isolated samples from the GlobigerinateUa insueta/Globigerinoides

bisph erica Subzone, Globorotalia fohsi "Zone" (s.L), Globorotalia

mayeri Zone {s.L) and Globorotalia vvenardii menardii/Glohigerina

nepenthes Zone, Pozon formation.

Plectofrondicularia mansfleldi Cushman and Ponton

Plectofrondicularia matisficldi Cushman and Ponton, 1931, Cushman Lab.
Foram. Res., Contr., vol. 7, p. 60, pi. 8, figs, la-b (fide Ellis and Messina,
1940 ct scq.).

Hypotype: —From sample. No. RM 19410, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625874.

Occurrence: —Fairly common in Globorotalia fohsi lobata Zone

and Globorotalia fohsi robusta Zone but scarce in the Globorotalia

mayeri Zone (s.L), the Globorotalia menardii vienardii/Globigerina

nepenthes Zone and in the lower part of the SphaeroidineUa semi-

nulina Zone, Pozon formation.

Family Bl LIMIJf IDAE
Genus A]VO^LOOERI^"A Cushman, 1927

Angnlogerina illingi Cushman and Renz

Atiffulogerina illingi Cushman and Renz, 1941, Cushman Lab. Foram. Res.,

Contr., vol. 17, pt. 1, p. 21, pi. 3, figs. 19-20.
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Aiigulogcrlna yumuriana Palnrer, 1941, Soc. cubana hist. nat.. Mem., vol. 15,

No. 2, p. 1S6, pi. 15, fig. S.

Angulogcrlna illingi Cvishman and Renz, Renz, 1948, G'col. Soc. Amer., Mem.
32, p. 114, pi. VII, figs. 31, 32a-b.

Remarks: —Generally rather similar to Angulogerina cooperen-

sis Cushman but has a more carinate and triangular test with a

virtual absence of ornamentation.

Hypotype: —From sample, No. RM 19507, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625876.

Occurrence: —Only seen in isolated samples from the Globoro-

talia fohsi robusta Zone, and in the Globorotnlia mayeri Zone {s.L),

Pozon formation.

Genus BOLIYIXA d'Orbigny, 1S39

Bolivina adveiia ("ushman

Bolivina advena Cushman, 1925, Cushman Lab. Foram. Res., Contr., vol. 1,

\o. 8, p. 29, pi. 5, fig. 1 (fidf Ellis and Messina, 1940 et scq.).

Hypotype: —From sample, No. RM 19791, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625878.

Occurrence: —Scarce in the upper part of the Globorotalia

men-ardii menardii Globigerina nepenthes Zone but fairly common

in the Sphaernidinella seminulina Zone, Pozon formation.

IJolivina alazaiiensls ("ushman

Bolivina alazancnsis Cushman, 1926, Cushman Lab. Foram. Res., Contr.,

vol. 1, p. 82, pi. 12, figs, la-b (fidr Ellis and Messina, 1940 et scq.).

Remarks: —The sutures of this form are dLstinctly limbate and

the marginal part of the chambers strongly directed towards

the initial end of the test. The median suture forms a distinct ridge.

Hypotype: —From sample, No. RM 19117, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625880.

Occurrence: —Only seen in isolated samples from the Catapsy-

drax stainforthi Zone, I ocuyo formation.

Holivina bjramensis Cushman

Bolivina carlata Cushman var. byramcnsis Cushman, 1923, U.S. Geol. Surv.,
Prof. Paper 133, p. 19, pi. 1, fig. 9.

Bolivina byramensis Cushman, 1937, Cushman Lab. Foram. Res., Spec. Publ.

9, p. 69, pi. 8, figs. 18-20.
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Hypotype: —From sample, No. RM 19117, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No.

625882.

Occurrence: —Fairly common in the Catapsydrax stainforthi

Zone but rather scarce in the Globigerinatella insueta Zone (s.I.),

and Globorotalia johsi "Zone" {s.l.), Tocuyo and Pozon forma-

tions.

Bolirina candriae Cushman and Renz

Bolh'ina caudriae Cushman and Renz, 1941, Cushman Lab. Foram. Res.,

Contr., vol. 17, pt. 1, p. 19, pi. 3, figs. 13-14.

Remarks: —This species appears to be closely related to Bo-

livina arta Macfadyen but is generally smaller and with a less

compressed test. Also this species has curved sutures.

Hypotype: —From sample, No. RM 19117, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625884.

Occurrence: —Only observed in isolated samples from the

Catapsydrax stainforthi Zone and Globigerinatella insueta Zone

(s.L), Tocuyo and Pozon formations.

Bolivina imporcata Cushman and Renz

Boli'vina floridana Cushman var. imporcata Cushman and Renz, 1944, Cush-
man Lab. Foram. Res., Contr., vol. 20, pt. 3, p. 78.

Bolivina imporcata Cushman and Renz, Renz, 1948, Geol. Soc. Amer., M'em.

32, p. 118, pi. VII, figs. 3a-b.

Re^narks: —Originally described as a variety of Bolivina flori-

dana Cushman, but this form appears to be distinctly different

from this species considering the more elongate nature of its test

and chambers. Some specimens show elongate gently tapering tests

with the last two chambers rather inflated.

Hypotype: —From sample. No. RM 19320, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625886.

Occurrence: —Occurs throughout the Pozon formation and

often especially abundant in Globorotalia fohsi "Zone" (s.L) but

becomes scarce in the Globigerina bulloides Zone, Pozon formation.

Bolivina isldroensis Cushman and Renz

Bolivina isidroensis Cushman and Renz, 1941, Cushman Lab. Foram. Res.,

Contr., vol. 17, pt. 1, p. 17, pi. 3, fig. 8.
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Hypotype: —From sample, No. RM 19320, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625888.

Occurrence: —Common in the Globorotalia fohsi "Zone" (s.l.),

Globorotalia mayeri Zone (s.L), and Globorotalia nienardii men-

ardii/ Globigerina nepenthes Zone but becomes scarce in the Sphae-

roidinella seminulina Zone, Pozon formation.

Boliviiiii marg'inatH multicostata Cushman

Boli<vina marginata Cushman var. multicostata Cushman, 1930, Florida Geol.

Surv., Bull., pt. 6, pi. 8, figs. 13-14 (fide Ellis and Messina, 1940 ct scq.).

Hypotype: —From sample, No. RM 19784, auger hne near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625890.

Occurrence: —Only observed by the writer in the upper part

of the Globorotalia menardii menardii/ Globigerina nepenthes Zone

and in the lower part of the Sphaeroidinella setninulina Zone, Pozon

formation. Renz (1948), however, recorded this species as occur-

ring nearly throughout all of the upper Tocuyo and Pozon forma-

tions.

Bolivina piscifomiis Galloway and Morrey PI. 6, fig. 21

Bolivina p'lsciformis Gallowav and Morrey, 1929, Bull. Amer. Pal., vol. 15,

No. 55, p. 36, pi. 5, fig. lo!

Remarks: —This species has a broad test in which the marginal

ends of the chambers are strongly directed to the initial end. This

species resembles Bolivina alazanensis Cushman but has narrower

chambers.

It differs from Bolivina alata (Seguenza), with which it has

been confused, by having broader later chambers.

Hypotype: —From sample. No. RM 19320, auger line near

Pozon, eastern Falcon; Plate 7, figure 21. deposited in U.S.N.M.

collection, No. 625892.

Occurrence: —This species seems to be restricted to, and is

fairly common in, the Catapsydrax stainforthi Zone, Globigerina-

tella insueta Zone (s.l.) and Globorotalia fohsi "Zone" (s.l.), To-

cuyo and Pozon formations.

Bolivina pozonensis Cushman and Renz

Bolivina pozonensis Cushman and Renz, 1941, Cushman Lab. Foram. Res.,

Contr., vol. 17, pt. 1, p. 16, pi. 3, fig. 6.
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Remarks: —This species is distinct from Bolivina mantaensis

Cushman, largely because of this species' "coarsely perforate wall

structure". The fine longitudinal costae mentioned by Cushman
and Renz in their type description seem to be a variable feature.

In some specimens these costae are pronounced; in others, costae

can only be observed when the specimen is moistened.

Hypotype: —From sample, No. RM 19460, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No.

625894.

Occurrence: —Fairly common in the Globorotalia fohsi robusta

Zone, Globigerin-a 'mayeri Zone (s.l.) and in the Globorotalia men-

ardii menardii/Globigerina nepenthes Zone. It becomes scarce in

the lower part of the Sphaeroidinella semimdina Zone, Pozon for-

mation.

Bolivina pseudobeyrichi Cushman PI. 6, fig. 22

Non Bolivina bcyrichi Reuss var. alata (SegU'cnza), Brady, 1884, Challenger
Exped. Kept., Zool., vol. 9, p. 422, pi. 53, figs. 2-4.

Bolivina beyrichi var. alata Cushman {non Seguenza), 1911, U.S. Nat. Mus.,
Bull. 71, pt. 2, p. 35, text-Fig. 57, [fide Drooger, 1953).

Bolivina pseudobeyrichi Cushman, 1937, Contr. Cushman Lab. Foram. Rec,
Spec. Pub. 9, p. 139, pi. 19, figs. 4, 5 {fide Drooger, 1953).

Bolivina alata Renz {fion Sequenza), 1948, Geol. Soc. Amer., Mem. 32, p.

116, pi. VII, fig. 26; pi. XII, figs. 12 a-b.

Re-marks: —This species appears to be related to Bolivina bey-

richi Reuss but possesses a more-or-less continuous keel of clear

shell material between the peripheral spines. Drooger (1953, p. 131)

pointed out that most West Indian references of Bolivina alata are

different from Seguenza's type.

Hypotype: —From sample. No. RM 19400, auger line near

Pozon, eastern Falcon; Plate 6, figure 22, deposited in U.S.N.M.

collection. No. 625895.

Occurrence: —Occurs, but is scarce, in the Globorotalia fohsi

"Zone" (s.l.) and in the lower part of the Globorotalia mayeri Zone

{s.l.), Pozon formation.

Bolivina simplex Cushman and Renz

Bolivina interjuncta Cushman var. simplex Cushman and Renz, 1941, Cush-
man Lab. Foram. Res., Contr., vol. 17, pt 1, p. 20, pi. 3, fig. 15.
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Boliv'ina simplex Cushman and Renz, Renz, 1948, Geol. Soc. Amer., Mem. 32,

p. 119, pi. VII, figs. 4a-h.

Non Bolivina simplex Phleger and Parker, 1951, Geol. Soc. Amer., Mein. 46,

pt. 2, p. 14, pi. 7, figs. 4-6.

Remarks: —Renz elevated the Cushman and Renz variety to

specific rank in 1948. Bolivina simplex Phleger and Parker, 1951

is distinctly different from the strongly costate species of Cush-

man and Renz.

11 y polype: —From sample, No. RM 19789, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625897.

Occurrence: —First observed, and scarce, in the Globorotalia

johsi johsi Zone, but becomes abundant in the upper part of

Globorotalia menardii menardii/Globigerina nepenthes Zone and

common in the overlying Sphaeroldinella seminulina Zone, Pozon

formation. The distribution and abundance of this form seems

to be closely controlled by ecological conditions since it occurs in

floods in isolated samples but may be scarce in stratigraphically ad-

jacent samples.

Bolivina suteri Cushman and Renz

Bolivina suteri Cushman and Renz, 1941, Cushman Lab. Foram. Res.,

Contr., vol. 17, pt. 1, p. 18, pi. 3, fig. 9.

Remarks: —A distinctive form with highly inflated chambers

and incised sutures.

Hypotype: —From sample. No. RM 19450, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No.

625899.

Occurrence: —Only observed in a few samples from the Globo-

rotalia johsi robusta Zone and Globorotalia mayeri Zone {s.l.)y

Pozon formation.

Bolivina thalnianni Renz

Bolivina thalmanni Renz, 1948, (Jeoi. Soc. Amer., Mem. 32, p. 120, p». XII,

figs. 13a-c.

Remarks: —This species is quite distinctive manily because

of its coarse reticulate ornamentation, but it may be related to

Bolivina cancellata Bermudez.

Hypotype: —From sample, No. RM 19536, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625901.
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Occunence: —Observed only in isolated samples from the

Globorotalia mayeri Zone {s.l.), Pozon formation.

Genus BULI3IINA d'Orbigny, 1826

Biiliiiiiiia alazaiiensis Cushman

Btdimina alazatiensis Cushman, 1927, Jour. Pal., vol. 1, p. 161, pi. 25, fig.

4 {fide Ellis and Messina, 1940 et scq.).

Hypotype: —From sample, No. RM 19445, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625903.

Occurrence: —Occurs, but is scarce, in the Catapsydrax stain-

jorthi Zone and Globigerinatella insueta Zone {s.l.) but becomes

common to abundant in the Globorotalia foksi lobata Zone, the

Globorotalia- fohsi robusta Zone, and in the Globorotalia mayeri

Zone (s.l.), Tocuyo and Pozon formations. Scarce in sediments

younger than the latter zone.

BnliniJiia allijarata (Cushman and Laiming) PI. 6, fig. 23

Bulimina inflata Seguenza var. alligata Cushman and Laiming, 1931, Jour.
Pal., vol. 5, No. 2, p. 107, pi. 11, figs. 17a-b (fide Ellis and Messina, 1940

ct seq.).

Remarks: —The writer considers that this form is distinct from

Bulimina inflata, and accordmgly it is elevated to specific rank.

The costae are fairly weak but arranged generally in longitudinal

lines. The chambers are axially longer than in Bulimina inflata.

especially the last chamber, but the spines are not so well pro-

nounced. The aperture is also rather more elongate than in Buli-

mina inflata Seguenza.

Hypotype: —From sample. No. RM 19285, auger line near

Pozon, eastern Falcon; Plate 6, figure 23, deposited in U.S.N.M.

collection, No. 625905.

Occurrence: —Seems to be restricted to the upper Tocuyo

formation and the Pozon formation below the middle part of the

Globorotalia vienardii menardii/Globigerina nepenthes Zone.

Bnlimina falconensis Renz

Bulimina falconensis Renz, 1948, Geol. Soc. Amer., Mem. 32, p. 121, pi. VI,

figs. 15a-b.

Remarks: —Renz (1948) considered his species to be identical
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with Bulimina buchiana Cushman and Ponton, 1932. However, the

name Bulimina buchiana was used by D'Orbigny in 1846; hence

Bulimina buchiana Cushman and Ponton, 1932 is a homonym of

Buli7nina buchiana d'Orbigny, 1846 and, therefore, invahd.

Bulimina falconensis is probably closely related to Bulimina

sculptis Cushman, 1923 (7ion Renz, 1942) but can be distinguished

from the latter species by the less regular costae some of which do

not reach the initial end of the test. The chambers of Bulimina

sculptis Cushman are more inflated than in Bulimina falconensis.

Hypotype: —From sample, No. RM 19460, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625907.

Occurrence: —Scarce in the Globorotalia fohsi lobata Zone but

becomes fairly frequent in the Globorotalia fohsi robusta Zone and

in the Globorotalia may eri /Globorotalia lenguaensis Subzone, Pozon

formation.

Buliniina inflatu Seguenza

Bulimina inflata Seguenza, 1862, Accad. Gicenia Sci. Nat., Atti., ser. 2, vol.

18, p. 109, pi. 1, fig. 10 (fide Ellis and M'essina, 1940 et scq.).

Hypotype: —From sample, No. RM 19300, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625909.

Occurrence: —Fairly common throughout the upper Tocuyo

and Pozon formations, although it only occurs sporadically in the

uppermost part of the Sphaeroidinella seminulina Zone.

Buluiiina pupoides d'Orbigny

Bulimina pupoidcs d'Orbigny, 1846, Foraminiferes fossiles du bassin ter-

tiaire de Vienne (Autriche), p. 185, pi. 11, figs. 11-12. {Fide Ellis and

Messina, 1940, et scq.).

Remarks: —The form is rather variable: in some forms the last

chamber embraces most of the earlier test; in others as many as

three or four earlier whorls are visible. However, all gradations

exist between these two extremes. Some forms have a fairly well-

developed basal projection.

Hypotype: —From sample. No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625911.

Occurrence: —This species appears to have a similar strati-

graphical and ecological distribution to Bulimina (Glo bo bulimina)

perversa Cushman.
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Subgenus GLOBOBULimiVA Cushman, 1927

Bnliinina (Globobulimina) perversa Cushman

Bulimina pyrula d'Orbigny var. perversa Cushman, 1921, U.S. Nat. Mus.,

Bull. 100, vol. +, p. 163, text-figs 2a-c.

Bulimina (Globnhulimina) perversa Cushman, Renz, 1948, Geol. Soc. Amer.,
Mem. 32, p. 122, pi. VI, fig. 16.

Remarks: —This form shows rather variable morphology:

some specimens tend to be rather more elongate, others are al-

most as broad as long, but all transitions occur.

Hypotype: —From sample, No. RM 19280, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625913.

Occurrence: —This form seems to be strongly influenced by

ecological conditions since its occurrence is often sporadic and vari-

able, often associated with rather poor mainly "arenaceous faunas".

Generally scarce in all zones below the middle part of the Sphae-

roidinella seminulina Zone, Tocuyo and Pozon formations.

Genus BULBrCVELLA Cushman, 1911

Buliminella basistriata iiuda Howe and Wallace

Buliminella basistriata Cushman and Jarvis var. nuda Howe and Wallace,
1932, Louisiana Dept. Cons. Geol. Bull., No. 2, p. 60, pi. 11, fig. + {fide

Renz, 1948).

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625915.

Occurrence: —Occurs in variable abundance throughout the

upper Tocuyo and Pozon formations. It is especially abundant in

the lower part of the Sphaeroidinella seminulina Zone. It is strongly

influenced by ecological conditions and often occurs in floods but

may become scarce in samples only a few feet stratigraphically

higher or lower.

Genus EJVTOSOLEJVIA Ehrenberg, 1848

Entosolenia marg-inata (Walker and Boys)

Serpula (Lagetta) marginata Walker and Boys, 1784, Test, Min., p. 2, pi. 1,

fig. 7 {fide Beckmann, 1953).
Lagena marginata (Walker and Boys), Beckman, 1953, Eclog. Geol. Helv.,

vol. 46, No. 2, p. 358, pi. 20, fig. 5.

Remarks: —This form shows the presence of a distinct internal

tube. Test is rather compressed with a peripheral flange of clear
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shell material. Aperture at the end of a distinct and fairly long

neck which is elliptical in cross-section.

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625917.

Occurrence: —Ubiquitous and fairly common in all zones below

the base of the Sphaeroidinella seminulina Zone, Tocuyo and Pozon

formations.

Genus KEUSSELLAGalloway. 1933

Reussella spinulosa (Reuss) PI. 7, fig. 24

J'rrncuilina spinulosa Reuss, 1859, Akad. Wiss. Wien Denkschr., vol. 1, p.

374, fig. 12 [fidf Ellis and M^essins, 1940 rt seq.).

Reussrlla spinulosa (Reuss), Renz, 1948, Geol. Soc Amer., Mem. 32, p. 156.

pi. VII, figs. 16-17.

Hypotype: —From sample. No. RM 201.^1, auger line near

Pozon, eastern Falcon; Plate 7, figure 24, deposited in U.S.N.M.

collection, No. 625919.

Occurrence: —Renz recorded this species as being restricted to

his Elphidium poeyanum-Reussella spinulosa Zonule (= part of

Globigerina bulloides Zone, Pozon formation), but the present

writer has observed isolated specimens stratigraphically lower and

associated with Vaginulinnpsis superhus. It is closely associated

with some species of Rot alia, and its occurrence is strongly gov-

erned by ecological conditions. It may be common in a particular

sample but may be rare or absent in stratigraphically adjacent

samples. It has been observed in varying frequency from the

Sphaeroidinella seminuli7ia Zone and Globigerina bulloides Zone,

Pozon formation.

Genus JSIPHOGENERINA Schlumberger, 1883

Siphogrenerina kug-leri Cushman and Renz

Siphogenerina kugleri Cushman and Renz, 1941, Cushman Lab. Foram. Res.,

Contr., vol. 17, pt. 1, p. 22, pi. 3, figs. 21-22.

Hypotype: —From sample. No. RM 19282, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625921.

Occurrence: —Scarce, only observed in samples from the Glohi-

gerin^tella insueta/Globigerinmdes bispherica Subzone and Glob-

orotalia fohsi fohsi Zone, Pozon formation.
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Slphog-eiieriiia laniollata Cushman

Siphogencrina lamcllata Cushman, 1918, U.S. Qeol. Surv., Bull. 676, p. 55,

pi. 12, fig. 3.

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625923.

Occurrence: —Common or abundant in all zones of the upper

Tocuyo and Pozon formations below the Sphaeroidinella seminvlina

Zone. Occasional specimens have been observed in the middle to

lower part of this latter zone. The disappearance of this species

may be due to ecological rather than stratigraphical reasons.

Siphog'enerina iiuiltioostata Cushman and Jarvis

Siphogc7ierina multicostata Cushman and Jarvis, 1929, Cushman Lab. Foram.
Res., Contr., vol. 5, p. 14, pi. 3, fig. 6 (fide Renz, 1948).

Hypotype: —From sample. No. RM 19280, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625925.

Occurrence: —Generally scarce but observed in samples from

the Globigerinatella instieta Zone {s.l.) and in the Globorotalia

fohsi "Zone" (s.l.), Tocuyo and Pozon formations.

Siphog-eneriiia seiiiii Cushman and Renz

Siphogenerina senni Cushman and Renz, 1941, Cushman Lab. Foram. Res.,

Contr., vol. 17, pt. 1, p. 22, pi. 3, figs. 21-22.

Siphogencrina cummingsi Galloway and Heminway, 1941, New York Acad.
Sci., vol. 3, pt. 4 ,p. 433, pi. 34, figs. 6-7.

Siphogencrina yumuriana Palmer, 1941, Soc. cubana hist, nat., Mem., vol. 15,

No. 2, p. 185, pi. 15, figs. 3-4.

Siphogencrina senni Cushman and Renz, Renz, 1948, Geol. Soc. Amer., Mem.
32, p. 165, pi. VII, figs. 29a-b, 30.

Hypotype: —From sample, No. RM 19116, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625927.

Occurrence: —Rather scarce, but observed in samples from the

Catapsydrax stainforthi Zone, Globigerinatella insueta Zone {s.l.),

and in the Globorotalia fohsi "Zone" (s.l.), Tocuyo and Pozon for-

mations.

Siphogenerina transrersa Cushman PI. 6, fig. 25

Siphogencrina raphanus (Parker and Jones) var. transvcrsus Cushman, 1918,

U.S. Nat. Mus., Bull. 103, p. 64, pi. 22, fig. 8 {fide Ellis and Messina, 1940

et seq.).
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Siphogcnrrina transi>ersa Cushman, Cushman and Parker, 1931, Ciishman
Lah. Foram. Res., Contr., vol. 7, p. 10, pi. 2, figs. 5, 6 [fidr Renz, 1948).

Sipho(jrnrr'itia transversa Cushman, Renz, 1948, Geol. Soc. Amer., M«m. 32,

p. 166, pi. VII. figs. 27. 28, pi. XII, fig. 9.

Hypotype: —From sample. No. RM 19117, auger line near

Pozon, eastern Falcon; Plate 6, fig. 25, deposited in U.S.N.M. col-

lection, No. 625929.

Occurrence: —Renz used this species as the zonal index for his

Siphogenerina transversa Zone. It does not range higher than the

middle part of the Globorotalia fohsi fohsi Zone. Commonto abund-

ant in the Catapsydrax stainjarthi Zone, and in the Globigerinatella

insueta Zone (s.i.), Tocuyo and Pozon formations, but becomes

comparatively scarce thereafter. Since there is no apparent change

of facies over the interval covering the disappearance of this form,

it is considered that its disappearance is due to stratigraphical

reasons alone.

Genus STILOSTO^IELLA Guppy, 1894

Stilostomella yeniPiiili (d'Orbigny)

Dentallna vcnicuili d'Orbigny, 1846, Foraminiferes fossiles du hassin tertiaire

de Vienne (Autriche), p. 48, pi. 2, figs. 7-8. (Fidr Ellis and Messina, 1940

rt scq.).

Ellipsonodosariaf I'rrnruili (d'Orbigny), Renz, 1948, Geol. Soc. Amer., Mem.
32, p. 131, pi. VIII, fig. 3-5.

Remarks: —The specimens observed in the Poz6n-El Mene

Road section appear to be typical for the species. Stainforth

(1952b) specifically mentions this species as included m the genus

Siphonoclosaria and gave cogent reasons why Ellipsonodosaria

should be placed in synonymy with Nodosarella. The latter genus,

however, has a crescentic aperture whilst the species "verneuili"

possesses a round aperture with a short collar-like neck. Later,

Stainforth (1952c) pointed out that the genus Stilostnmella has

priority over the genus Siphonodosaria.

Hypotype: —From sample, No. RM 19280, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No.

625931.

Occurrence: —Common m all zones of the upper Tocuyo and

Pozon formations, below the base of the Sphaeroidinella seminulina

Tone.
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Genus UVldJERINA d'Orbigny, 1826

Uvigreriiia auberiana atteiuiata Cushman and Renz

Umgerina auberiana d'Orbigny var. attcnuata Cushman and Renz, Cushman
Lab. Foram. Res., Contr., vol. 17, p. 21, pi. 3, fig. 17.

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625932.

Occurrence: —Generally rather scarce in all zones of the upper

Tocuyo and Pozon formations below the Globorotalia nienardii

menardii/Globigerina nepenthes Zone.

Uvig-eriiia oapayaiia Hedberg

Uvigerina pygmaca d'Orbigny var. capayana Hedberg, 1937, Jour. Pal., vol.

11, p. 677, pi. 91, fig. 19.

IJv'igcrina capayana Hedberg, Cushman and Edwards, 1938, Cushman Lab.
Foram. Res., Contr., vol. 14, p. 80, pi. 14, fig. 1 {fide Renz, 1948).

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625934.

Occurrence: —Generally common in all zones of the upper

Tocuyo and Pozon formations below the Globorotalia menardii

menardii/Globigerina nepenthes Zone but scarce in this latter zone.

Uyig-eriiia carapitaiia Hedberg

Uvigerina carapilana Hedberg, 1937, Jour. Pal., vol. 11, No. 8, p. 677, pi.

91, fig. 20.

Hypotype: —From sample, No. RM 19284, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625936.

Occurrence: —Generally common in all zones of the upper

Tocuyo and Pozon formations below the lower to middle part of

the Sphaeroidinella seminulina Zone.

Uyigeriiia cubana Palmer and Bermudez PI. 8, fig. 26

Uvigerina cubana Palmer and Bermudez, 1936, Soc. cubana hist, nat., Mem.,
vol. 10, p. 292, pi. 17, figs. 5-6.

Remarks: —This species appears to be closely related to

Uvigerina gallowayi Cushman, 1926 and possibly to Uvigerina bar-

batula Macfadyen.

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; Plate 8, fig. 26, deposited in U.S.N.M. col-

lection, No. 625938.
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Occurrence: —Scarce and only observed in isolated samples

from the Globigerinatella insueta Zone {s.l.), Tocuyo and Pozon

formations.

Cvigerina gallowaji Iwisicordata (ushman and Renz

Ui'lgcrina ffalloii-ayi Cushman var. basicordata Cushman and Renz, 1941,

Cushman Lab. Foram. Res., Contr., vol. 17, pt. 1, p. 21, pi. 3, fig. 18.

Ilypotype: —From sample, No. RM 19283, auger line near

Pozon, eastern falcon; deposited in U.S.N.M. collection. No. 625940.

Occurrence: —Only observed in isolated samples from the

Globigerinatella insueta Zone {s.l.), Tocuyo and Pozon formations.

UTigrerina cf. haniiai Kleinpell

cf. Uvigcrina calif ornica Hanna (non Cushman), 1928, Bull. Arner. Assoc.

Petr. Geol. , vol. 12, pi. 9, fig. 3 (fidr Kleinpell, 1938).

cf. Uv'ujcrina hanna'i Kleinpell, 1938, Amer. Assoc. Petr. Geol., Spec. Publ.,

p. 294.

Vv'igerina cf. hamuli Kleinpell, Renz, 1948 {pars), Geol. Soc. Amer., Mem.

32, p. 174, pi. XII, figs. 16a-b (not fig. 17).

Remarks: —The writer's specimens do not show the costae

over the earlier chambers as shown by Renz (1948, pi. XII, fig. 17)

and as mentioned by Kleinpell (1938, p. 294). However, the speci-

mens appear to be identical to some figured by Renz (1948, pi. XII,

figs. 16a-b) and only show the slightest trace of rather irregular

fine costae when the specimens are moistened. The writer's speci-

mens are only tentatively assigned to Kleinpell's species.

Hypotype: —From sample. No. RM 19405, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625942.

Occurrence: —Scarce in the Globorotalia fohsi fohsi Zone but

becomes common in the Globorotalia fohsi lobata Zone, Globoro-

talia fohsi robusta Zone and also in the Globorotalia mayeri Zone

is.l.). Only occasional specimens have been seen in the lower part

of the Globorotalia menardii vienardii/ Globigerina nepenthes Zone,

Pozon formation.

Uvig'erina isidroensis (ushman and Renz

Uvigerina isidrocnsis Cushman and Renz, 1941, Cushman Lab. Foram. Res.,

Contr., vol. 17, pt. 1, p. 20, pi. 3, fig. 16.

Uvigcrina hispido-costata Cushman and Todd, 1945, Cushman Lab. Foram.

Res., Spec. Pub. 15, p. 51, pi. 7, figs. 27, 31 {fide Ellis and Messina, 1940

et seq.).
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Remarks: —This form shows considerable variation. The typi-

cal form is strongly costate with the costae not quite covering the

last chamber; however, in other forms the costae are wanting on

the last chamber but small poorly formed pustules may be present.

All transitions between forms with costae over the complete test

and forms with pustules over the last chamber are present. The

number of chambers is also variable. Usually about 4-5 whorls are

present but sometimes as many as seven are observed with the last

chamber becoming rather pointed, and the aperture centrally

placed.

Hypotype: —From sample, No. RM 19282, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625944.

Occurrence: —Ubiquitous but varies greatly in frequency.

Generally rather scarce in the mainly planktonic facies of the Catap-

sydrax stainjorthi Zone, Globigerinatella insueta Zone (.c/. ), and

in the Globorotalia tnayeri Zone (s.L). Often common or abundant

in the Globorotalia menardii menardii/Globigerina nepenthes Zone,

and in the Sphaeroidinella seminulina Zone but becomes scarce m
the overlying Globigerina bulloides Zone, Tocuyo and Pozon forma-

tions. The distribution of this form is strongly dependent on eco-

logical conditions, some samples from the Globorotalia menardii

menardii/Globigerina, nepenthes Zone and Sphaeroidinella semi^

nulina Zone have over 95 %of the total fauna present as this species.

It IS often associated with Bolivina imporcata and Bolivina simplex.

Uvigerina rustioa Cushman and Edwards

U'vigerina rustlca Cushman and Edwards, 1938, Cushman Lab. Foram. Res.,

Contr., vol. 14, p. 83, pi. 14, fig. 6 (fide Renz, 1948).

Hypotype: —From sample. No. RM 19117, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625946.

Occurrence: —Generally rather scarce in all zones of the upper

Tocuyo and Pozcn formations below the Globorotalia menardii

m,enardii/Globigerina nepenthes Zone.

Genus VIIUU'LINA d'Orbigny, 1826

Virg-nlina poiitoni Cushman

Virgulina Pontoni Cushman, 1932, Cushman Lab. Foram. Res., Contr., vol.

8. p. 17, pi. 3, fig. 7 [fide Ellis and Messina, 1940 et ^eq.).
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r'lrgulina pontoni Cushman, Renz, 194S. Geol. Soc. Amer., Mem. 32, p. 178^

pi. VI, fig. 18.

Hypotype: —From sample, No. RM 19405, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625948.

Occurrence: —Fairly common in the Globorotalia fohsi "Zone"

(s.l.) and Globorotalia mayeri Zone (s.L), Pozon formation.

Family KOTALIIDAE

Genus CAXCKIS Montfort, 1808

Cancris paiiaineiisis Natland

Cancris panamensis Natland, 1938, Scripps Inst. Oceanog., Bull. Tech. Ser,,

vol. 4, No. 5, p. 148, pi. 6, figs, la-c {fide Ellis and Messina, 1940 ct seq.).

Hypotype: —From sample, No. RM 19284, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625950.

Occurrence: —Common in all zones of the upper Tocuyo and

Pozon formations below the Globigerina bulloides Zone.

Cancris sag-ra (d'Orbigny)

Rotalia sagra d'Orbigny, 1839, "Foraininiferes", in de la Sagra, Histoire

physique, politique et naturelle de I'lle de Cuba, p. 77, pi. 5, figs. 13-15

(fide Ellis and Messina, 1940 ct seq.).

Cancris sagra (d'Orbigny), Cushman, 1931, U.S. Nat. Mus., Bull. 104, pt. 8,

p. 74, pi. 15, fig. 2 (fide Renz, 1948).

Hypotype: —From sample, No. RM 19340, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625952.

Occurrence: —Occurs rarely and only sporadically in the Globo-

rotalia fohsi "Zone" (s.l.) and in the Globorotalia mayeri Zone

(s.l.) but becomes relatively common in the upper part of the

Globorotalia menardii 77ienardii /Globigerina nepenthes Zone and in

Sphaeroidinella seminidina Zone; scarce in the Globigerina bulloides

Zone, Pozon formation.

Genus El'OMIJK.S :\Iontfort. 1808

Eponides crcblisi Hedbeig

Epunidcs ciebhsi Hedberg, 1937, Jour. Pal., vol. 11, p. 679, pi. 92, figs. la-c.

Remarks: —1 he sinuous umbilical sutures makes this species

distinctive.

Hypotype: —From sample. No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625954.
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Occurrence: —Commonor fairly common in the upper part of

the Tocuyo formation and in the Globigerinatella insueta Zone

(sJ.), Globorotalia fohsi "Zone" (s.l.) and Globorotalia mayeri

Zone {s.l.), but only occurs in isolated samples from the Globoro-

talia menardii menardii/Globigerina nepenthes Zone, Pozon forma-

tion.

Eponides parantillaruin Galloway and Heminway

Eponides parantillarutn Galloway and Heminway, 1941, New York Acad.
Sci., Sci. Surv. Porto Rico and Virgin Islands, vol. 3, pt. 4, p. 374, pi. 18

figs. la-c.

Remarks: —This form appears to be closely related to Eponides

antillarum (d'Orbigny).

Hypotype: —From sample, No. RM 19849, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625956.

Occurrence: —Fairly common in, and apparently restricted to,

the middle to upper part of the Sphaeroidinella seminulina Zone,

Pozon formation.

Eponides umbonatus ecuadorensis (Galloway and Money)

Rotalia ecuadorensis Galloway and Morrey, 1929. Bull. Amer. Pal., vol. 15,

No. 55, p. 26, pi. 3, figs. 13a-c
Eponides umbonatus (Reuss) var. ecuadorensis (Galloway and Morrey),

Hedberg, 1937, Jour. Pal., vol. 11, No. 8, p. 679, pi. 91, fig. 22.

Remarks: —This form shows a strongly vaulted umbilical side

and a convex spiral side; sutures not depressed, radial on the spiral

side and slightly sinuous umbilically. Chambers, as seen from spiral

side, are rather narrow but elongate tangentially. Umbilicus closed,

aperture interiomarginal, sutural, rather short, midway between the

keeled periphery and the umbilicus. The subspecies is distinguished

from the parent species by virtue of the slightly sinuous umbilical

sutures and umbilical plug.

This form shows a combination of many of the characters used

by Brotzen (1942) to differentiate Gyroidina and Eponides.

Hypotype: —From sample, No. RM 19320, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625958.

Occurrence: —Rather scarce in the upper part of the Tocuyo

formation and in the Globigerinatella insueta Zone (s.l.) but be-

comes common or even abundant in samples from the Globorotalia
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fohsi "Zone" (s.L), Globorotalia mayeri Zone (s.!.), and Glohoro-

talia menardii me7\ardii'Globigerina nepenthes Zone. Becomes

rare and only occurs sporadically in the lower part of the Sphaeroidi-

nella seminulina Zone, Pozon formation.

Genus GYKOIIHIVA d'Orbigny, 1826

Gyroidina parva Cushman and Renz

GyroiJina par<va Cushman and Renz, 1941, Cushman Lab. Foram. Res.,

Contr., vol. 17, pt. 1, p. 23, pi. 4, fig. 2.

Hypotype: —From sample, No. RM 19340, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625960.

Occurreyxce: —Occurs throughout the upper part of the Tocuyo

and Pozon formations. Usually rather scarce below the Globorotalia

joshi foshi Zone and above the Globorotalia menardii menardii/

Globigerin-a nepenthes Zone, but common or abundant especially in

the Globorotalia johsi robnsta Zone and Globorotalia Tuayeri Zone

{s.l.).

Genus GYROIDINOlDES Brotzen, 1942

Gyroidiiioidos altifomiis (R. E. and K. ('. Stewart) PI. 7. figs. 27a-c

Gyroidina soUianii d'Orbigny var. altiforrriis R. E. and K. C. Stewart, 1930,

Jour. Pal., vol. 4, p. 67, pi. 9, fig. 2.

GyroidinoiJes soldanii (d'Orbigny) var. altifor/nis (R. E. and K. C. Stew-

art), Renz, 1948, Geol. Soc. Amer., Mem 32, p. 140, pi. VIII, figs. I3a-c.

Remarks: —This form is different from D'Orbigny's illustra-

tions of the species "soldanii'" and from Gyroidinoides cf. zelandica

Finlay. The sutures of the spiral side are distinct and the spiral

suture well marked throughout. Sutures between the chambers

are fairly deeply incised. The writer considers that this form is

worthy of specific status and it is elevated accordingly.

Hypotype: —From sample. No. RM 19285, auger line near

Pozon, eastern Falcon; Plate 7, figs. 27a-c, deposited in U.S.N.M.

collection, No. 625962.

Occurrence: —Fairly common in all zones of the Pozon forma-

tion below the base of the Sphaeroidinella seminulina Zone and in

the upper part of the Tocuyo formation. Occasional specimens have

been observed in samples from the upper part of the Sphaeroidi-

nella seminulina Zone. The disappearance of this form in eastern
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Falcon seems to be due to ecological rather than stratigraphlcal

reasons.

Gyroldiiioides byramensis campester (Palmer and Bermudez)

Eponidcs byramensis (Cushman) var. campester Palmer and Bermudez, 1941,
Soc. cubana hist, nat., Mem., vol. 15, No. 2, p. 192.

GyroidinoiJrs byramensis (Cushman) var. campester (Palmer and Ber-
mudez), Renz, 1948, Geol. Soc Amer., Mem. 32, pp. 139-140, pi. VIII, figs.

15a-b; pi. IX, fig. 1.

Eponides campester Palmer and Bermudez, Bermudez, 1949, Cushman Lab.
Foram. Res., Special Pub. 25, p. 245, pi. 16, figs. 40-42.

Remarks: —The present writer agrees with Renz (1948) that

this species is best placed within the genus Gyroidinoides Brotzen,

1942 on account of the distinctive open umbilicus. Faint traces of

an apertural lip have been observed which serve to substantiate

the generic allocation. The subspecies differs from the parent species

in having slightly limbate sutures and a less vaulted umbilical sur-

face.

Hypotype: —From sample, No. RM 19284, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625964.

Occurrence: —Generally scarce but has been observed in

samples from the Globigerin-at ella insueta Zone (s.L), Globorotalia

johsi "Zone" (s.L), and Globorotalia mayeri Zone {s.L), Pozon

formation.

Gyroidinoides planulata (Cushman and Renz)

Gyroidina planulata Cushman and Renz, 1941, Cushman Lab. Foram. Res.,

vol. 17, pt. 1, p. 23, pi. 4, fig. 1.

Gyroidinoides planulata (Cushman and Renz), Renz, 1948, Geol. Soc. Amer.,
Mem. 32, p. 140, pi. VIII, figs. Ua-c.

Hypotype: —From sample, No. RM 19282, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection No. 625966.

Occurrence: —Scarce, only observed in the Globigerinatella

insueta/ Globigerinoides bispherica Subzone, Globorotalia johsi

barisanensis Zone, and Globorotalia johsi johsi Zone, Pozon forma-

tion.

Oyroidinoides venezuelaiia Renz

Gyroidinoides venezuelana Renz, 1948, Geol. Soc. Amer., Mem. 32, p. 141,
p. XII, figs. 21a-c.
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Remarks: —Renz considers his species related to Gyroidina lae-

vigata d'Orbigny but distinguished from D'Orbigny's species by

the more sharply edged periphery and less inflated chambers. Renz

further stated that his species is also related to Gyroidinoides

planulata Cushman and Renz which, however, has a rounded

periphery.

Hypotype: —From sample No. RM 19305, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625%8.

Occurrence: —Scarce in the Glnbigerinatella insueta Zone (s.l.),

Tocuyo and Pozon formations but becomes fairly common in

the Globorotalia fohsi "Zone" (s.l.) and Globorotalia mayeri Zone

(s.l.) and rather scarce in the Globorotalia menardii menardU/

Globigerina nepenthes Zone and only observed in isolated samples

from the Sphaeroidinella seminulina Zone, Pozon formation.

Gyroidinoides cf. zelandica (Finlay) PL 8. figs. 28a-c

cf. Gyroidina zelandica Finlay, 1939, Roy. Soc. New Zealand, Trans. Proc,

vol. 69, pt. 3, p. 323, pi. 28, figs. 138-140 {fide Ellis and Messina, 1940
et seq.).

Gyroidina cf. soldariii Galloway and Heminway {non d'Orbigny), 1941, New
York Acad. Sci., Sci. Surv. Porto Rico and Virgin Islands, vol. 3, pt. 4
p. 377, pi. 15, figs. 7a-c.

Gyroidinoides cf. soldanii Renz {non d'Orbigny), 1948, Geol. Soc. Amer.
Mem. 32, p. 140, pi. VIII, figs. 14a-c.

Remarks: —Renz (1948) tentatively referred some species

identical to those seen by the writer to Gyroidinoides soldanii

(d'Orbigny). However, D'Orbigny's figure of Gyroidina soldanii

shows radial sutures on the spiral side and a well-marked spiral

suture throughout; furthermore the umbilicial side is not highly

vaulted.

The specimens seen in the Tocuyo and Pozon formations agree

closely with Finlay's species although the eastern Falcon specimens

have a slightly wider umbilicus. Cushman and Stainforth (1948)

figured a form as Gyroidina girardana (Reuss) var. perampla which

also appears to be close to both Finlay's G. zelandica and the

writer's specimens. However, since Finlay's species has priority

and the eastern Falcon material resembles both G. girardana var.

peram^pla and G. zelandica equally closely, they are tentatively
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referred to the latter species. Finlay (1939) considered his species

as being related to Gyroidinoides altijormis (R. E. and K. C.

Stewart) and the specimens seen here also show a similar relation-

ship.

Hypotype: —From sample, No. RM 19283, auger line near

Pozon, eastern Falcon; Plate 8, figures 28a-c, deposited in U.S.N.M.

collection. No. 625970.

Occurrence: —Scarce, only observed in isolated samples from

the Globigerinatella insueta Zone (s.l.) and Globorotalia johsi fohsi

Zone, Pozon formation.

Genus PULYINULINELLA Cushman, 1926

Pulyinulinella oulter (Parker and Jones)

Planorbulina fareta (Fichtel and Moll) var. ungeriana (d'Orbigny)
subvar. cultcr Parker and Jones, 1865, Roy. Soc. London, Phil. Trans.,

vol. 155, p. 382. pi. 9, figs, la-b (j'lde Cushm^an, 1929).

PulvinulincUa cultcr (Parker and Jones), Cushman, 1929, Cushman Lab.

Foram. Res., Contr., vol. 5, p. 100, pi. 14, fig. 13.

Hypotype: —From sample, No. RM 19117, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625972.

Occurrence: —Scarce and only observed in isolated samples

from the Catapsydrax stainjcjrthi Zone, Globigerinatella insueta/

Globigerinoides triloba Subzone, Tocuyo formation, and the lower

part of the Globigerinatella insxieta /Globigerinoides bispherica Sub-

zone, Pozon formation.

Pulvinulinella jarvisi Cushman and Renz

Pulvinulinella jarvisi Cushman and Renz, 1941, Cushman Lab. Foram. Res.,

Contr., vol. 17, pt. 1, p. 24, pi. 4, fig. 4.

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625974.

Occurrence: —Observed only in samples from the Globigerina-

tella insueta /Globigerinoides bispherica Subzone and Globorotalia

johsi "Zone" (s.L), Pozon formation.

Genus ROTALIA Lamarck, 1804

Rotalia beccarii (Linne)

Nautilus beccarii Linne, 1767, Systema Naturae, 12th ed., vol. 1, p. 1162.

(Fide Ellis and Messina, 1940 et seq.).

Rotalia beccarii (Linne), Cushman, 1928, Cushman Lab. Foram. Res., Contr.,

vol. 4, p. 103, pi. 15 {jldc Renz, 1948).
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Hypotype: —P>om sample. No. RM 20131, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625976.

Occurrence: —Only observed by the writer in the middle to

upper part of the Sphaeroidinella seminulina Zone and in the

Globigerina bulloides Zone, Pozon formation. It becomes common

in the overlving Ojo de Agua formation.

Genus SIPHOXIXA Reuss, 1850

Siplioniiui pozoueiisis Cushman and Renz

Siphonina pozonensis Cushman and Renz, 1941, Cushman Lab. Foram. Res.,

Contr., vol. 17, pt. 1, p. 24, pi. 4, fig. 3.

Hypotype: —From sample, No. RM 19117, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625978.

Occurreyice: —Occurs in varying frequency in the upper part

of the Tocuyo formation and throughout the Pozon formation

below the Globigerina htdloides Zone. Most frequent in the Globoro-

talia johsi "Zone" ( s.l.) and Globorotalia mayeri Zone (s.l.) but

becomes scarce in the Sphaeroidinella seminulina Zone.

Genus VALYULIJVEKIA Cushman. 1926

yalviilinoria lierricki (Hadley) PI. 8, figs. 29a-b

Cibuorbls hnricki Hadlev, 1934, Bull. Amer. Pal., vol. 20. p. 26, pi. 5, figs.

1-3 (fide Renz, 1948).

Cibicides kugleri Cushman and Renz, 1941, Cushman Lab. Foram. Res.,

Contr., vol. 17. pt. 1, p. 27, pi. 4, fig. 11.

Valvulineria hcrr'uki (Hadlev), Renz. 1948, Geo!. Soc. Amer., Mem. 32,

p. 177, pi. VIII, figs. lOa-c'

Hypotype: —From sample. No. RM 19405, auger line near

Pozon, eastern Falcon; Plate 8, figures 29a-b, deposited in U.S.N.M.

collection. No. 625980.

Occurrence: —Renz (1948) used the partial occurrence of this

species to define his Valvulineria herricki Zone. The present writer

has observed specimens in the uppermost part of the Globorotalia

johsi johsi Zone, Globorotalia johsi lobata Zone, Globorotalia johsi

robusta Zone, and Globorotalia mayeri Zone (s.l.), Pozon forma-

tion. Some specimens have been noted associated with Marginu-

linopsis basispinosus.

The distribution of this form seems to be strongly influenced

by ecological conditions since it is most frequent in sample con-
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taining an appreciable planktonic component and absent in samples

with a rich Uvigerina isidroensis-Bolivina iviporcata-Bolivina sim-

plex assemblage.

Valvulineria inaeqiialis lobata Cushman and Renz

I'ahmlincria inaiqualis (d'Orbigny) var. lohata Cushman and Renz, 1941,

Cushman Lab. Foram. Res., Contr., vol. 17, pt. 1, p. 23, pi. 3, fig. 24,

Hypotype: —From sample, No. 19180, auger line near Pozon,

eastern Falcon; deposited in U.S.N.M. collection. No. 625982.

Occurrence: —Scarce, only observed in isolated samples from

the Globigerinatella insueta Zone (s.L), and from the Globorotalia

fohsi "Zone" (s.L), Tocuyo and Pozon formations.

Family AMPHISTEGINIDAE

Genus A3IPHISTE0INA d'Orbigny, 1826

Amphisteg'ina cf. lessonii d'Orbigny

cf. Arnphistegina lessonii d'Orbigny, 1826, Ann. Sci. Nat., Paris, ser. 1, vol.

7, p. 304, Modeles No 98 [fide Renz, 1948).

Remarks: —Most of the specimens present m the Pozon sec-

tion are broken and abraded.

Hypotype: —From sample. No. RM 19888, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No.

625983.

Occurrence: —Occurs mainly in the uppermost part of the

Pozon formation (Huso Clay member).

Family CASSIDULINIDAE

Genus CASSIDULI^VA d'Orbigny, 1826

Cassidulina carapitana Hedberg

Cassidulina carapitana Hedberg, 1937, Jour. Pal., vol. 11, No. 8, p. 680, pi.

96, figs. 6a-b.

Remarks: —Hedberg ( 1937, p. 680) remarked that his species

belongs to the group of Cassidulina laevigata d'Orbigny but can

be distinguished from this species since the sutures of Cassidulina

carapitana are more sharply curved in the umbonal areas than in

D'Orbigny's species.

Hypotype: —From sample, No. RM 19283, auger line near
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Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625985.

Occurrence: —Common in all zones of the upper Tocuyo and

Pozon formations below the middle part of the Sphaeroiciinella setni-

nulina Zone. The disappearance of this form seems to be due to

ecological rather than stratigraphical reasons.

Cassidulina crassa d'Orbigny

Cassidul'ma crassa d'Orbigny, 1839, Voyage dans I'Amerique Meridionale

;

"Foratniniferes", vol. 5, pt. 5, p. 56, pi. 7, figs. 18-20. (Fide Ellis and
Messina, 1940 et seq.).

Hypotype: —From sample, No. RM 19280, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625987.

Occurrence: —Common in all zones of the Pozon formation

below the middle to upper part of the Sphaeroidinella seyninulina

Zone but rather scarce in the Tocuyo formation.

Cassidulina dt'lioata Cushman

Cassidul'ma dclicata Cushman, 1927, California Univ., Scripps Inst. Oceanog.,
Bull. Tech. ser., vol. 1, p. 168, pi. 6, fig. 5 [fide Renz 1948).

Hypotype: —From sample. No. 19285, auger line near Pozon,

eastern Falcon; deposited in U.S.N.M. collection, No. 625989.

Occurrence: —Scarce and only observed in the Globigerinatella

insueta/Globigerinoides bisph erica Subzone and Globorotalia fohsi

barisanensis Zone, Pozon formation.

Cassidulina laevigat^i d'Orbigny

Cassidulina lar'vigata d'Orbignv, 1826, Ann Sci. Nat., Paris, ser. 1, vol. 7,

p. 282, pi. 15, figs. 4-5 (fidr Ellis and Messina, 1940 et seq.).

Hypotype: —From sample. No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625991.

Occurrence: —Fairly common in all zones of the Pozon forma-

tion below the Globigerina bulloides Zone and in the upper part of

the Tocuyo formation; especially common in the Globorotalia men-

ardii menardii/Globigerina nepenthes Zone.

Cassidulina subgrlohosa Brady

Cassidulina subglohosa Brady, 1881, Roy. Micr. Soc, Quart. Jour., new.
ser., vol. 21, p. 60 {fide Ellis and Messina, 1940 et seq.).

Remarks: —1 he aperture of this form is normal to the axis

of coihng.
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Hypoty-pe: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625993.

Occurrence: —Ubiquitous although rather scarce. Ranges

throughout the upper Tocuyo and Pozon formations.

Cassidulina sul)globosa horizontalis Cushman and Renz

Cassidulina subgobosa Brady var. horizontalis Cushman and Renz, 1941,
Cushman Lab. Foram. Res., Contr., vol. 17, pt. 1, p. 26, pi. 4, fig. 8.

Reinarks: —This subspecies has the aperture parallel to the

axis of coiling. Other characters are similar to the parent species.

Hypotype: —From sample. No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625995.

Occurrence: —Scarce and does not occur above the Globorotalia

menardii menardii/ Globigerina nepenthes Zone, Pozon formation.

Genus CASSIDULINOIDES Cushman. 1927

Cassidulinoides ereota Cushman and Renz

Cassidulinoides erecta Cushman and Renz, 1941, Cushman Lab. Foram. Res.,

Contrib., vol. 17, p. 25, pi. 4, figs. 6-7.

Hypotype: —From sample. No. RM 19320, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625996.

Occurrence: —Scarce, only observed in a few samples from the

Globorotalia fohsi "Zone" (s.l.), Pozon formation.

Genus EHKEXBERGEVAReuss. 1850

Ehrenbergfina caribbea Galloway and Heminway

Ehrenbcrgina caribbea Galloway and Heminway, 1941, New York Acad.
Sci., Sci Surv. Porto Rico and Virgin Islands, vol. 3. pt. 4, p. 426, pi. 32,

figs. 4a-d.

Ehreiibcrgina caribbea Galloway and Heminway, Renz, 1948. Geol. Soc.

Amer., Mem. 32, p. 131, pi. IX, figs. 17a-b.

Hypotype: —From sample, No. RM 19355, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625997.

Occurrence: —Scarce and only observed in samples from the

Globorotalia johsi "Zone" {s.l.) and Globorotalia mayeri Zone

(s.l.), Pozon formation.

Family (HIL0ST03IELLIDAE

Genus CHILOSTOMELLAReuss, 1850
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Chilostomella ovoidea Reuss

Chilostomella ovoidea Reuss, 1850, K. Akad. Wiss. Wien, Math. -Nat. CI.,

Denkschr., vol. 1, p. 380, pi. 48, fig. 12 {fide Ellis and Messina, 1940

et seq.).

Hypotype: —From sample, No. RM 19280, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625999.

Occurrence: —Scarce, only seen in isolated samples from the

Globigerinatella insueta Zone {s.l.) and Globorotalia johsi "Zone"

{s.l.) Tocuyo and Pozon formations. Usually badly preserved. Ac-

cording to Renz (1948) ranges throughout the Tocuj^o formation

and most of the Pozon formation.

Genus PULLP:\IA Parker and Jones, 1862

Piilleiiiu bulloides (d'Orbigiiy)

XoTtionina bulloides d'Orbigny, 1846, Foraminiferes fossiles dii hassin

tertiaire de Vienna (Autriche), p. 107, pt. 5, figs. 9-10. (fide Ellis and
Messina, 1940 et seq.).

Pullcnina bulloides (d'Orbignv), Kleinpell, 1938, Amer. .\ssoc. Petr. Geol.,

Spec. Pub., p. 338, pi. 5, figs. 10, 13.

Hypotype: —From sample, No. RM 19284, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626001.

Occurrence: —Generally rather scarce but observed in all zones

of the Tocuyo and Pozon formations below the Sphoeroidinella

seminulina Zone.

Fullenia salishnrji R. E. and K. r. Stewart

Pullenia salisburyi R. E. and K. C. Stewart, 1930, Jour. Pa!., vol. 4, p. 72,

pi. 8, fig.2 (fide Renz, 1948).

Hypotype: —From sample. No. RM 1928.3, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 626003.

Occurrence: —Scarce and only observed in isolated samples

from the Globigerinatella insueta Zone (s.l.), Globorotalia johsi

"Zone" (s.l.), and Globorotalia mayeri Zone (s.l.), Tocuyo and

Pozon formations.

Genus STHAKHOIDINA d'Orbigny, 1826

Sphaeroidina variabilis Reuss

Sphaeroidina variabilis Reuss, 1851, Deutsch. Geol. Ges., Zeitschr., vol. 3,

p. 88, pi. 7, figs. 61-64 (fide Ellis and Messina, 1940 et seq.).

Sphaeroidina variabilis Reuss, Cushman, 1929, Cushman Lab. Foram. Res.,

Contr., vol. 5, p. 101. pi. 14, figs. 15a-c.
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Remarks: —This species shows considerable variation in size.

Large specimens seem to be associated with mainly planktonic

faunas. Dwarf specimens occur with Uvigerina isidroensis-Bolivina

siynplex and Bnlivina imporcata assemblages in the lower to middle

part of the Sphaeroidinella seminulin-a Zone.

Hypotype: —From sample, No. RM 19117, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626005.

Occurrence: —Occurs throughout the upper part of the Tocuyo

and Pozon formations below the middle part of the Sphaeroidinella

sevtinvlina Zone. Most frequent in the Globigerinatella insueta Zone

(s.L), Globorotalia fohsi "Zone" (s.l.) and in the Globorotalia

mayeri Zone {s.l.).

Family HA>TKEXIMDAE
Subfamily CASSIGERI>ELLI>AE

Genus CASSIOEKIXELLA Pokorny. 19.55

("assigerinella chipolensis (Cushman and Ponton) Fl. 7, figs. 30a-c

Cassidulina chipolcnsis Cushman and Ponton, 1932, Florida Geol. Surv.,

Bull., No 9. p. 98, pi. 15, figs. 2a-c.

Cassidulina chipolcnsis Cushman and Ponton, Cushman and Stainforth, 1945,

Cushman Lab. Foram. Res., Spec. Pub). 14, p. 64, pi. 12, fig. 5

Cassigcrinclla chipolcnsis (Cushman and Ponton), Bolli, 1957, U.S. Nat.

Mus., Bull., No. 215, p. 108, pi. 22, figs. 3a-c.

Hypotype: —From sample. No. RM 19304, auger line near

Pozon, eastern Falcon; Plate 7, figures 30a-c, deposited in U.S.N.M.

collection. No. 626007.

Occurrence: —Ranges from the Catapsydrax stainforthi Zone

to the upper part of the Globorotalia fohsi robusta Zone, Tocuyo

and Pozon formations.

Subfamily HASTIGERIMXAE
Genus HASTIGERIXA Thompson. 1876

Cushman named the genus Globigerinella in 1927 with Globi-

gerina aequilateralis Brady as the type species. Brady remarked in

his type description of Globigerina aequilateralis that the test is

"planospiral and symmetrical" but also remarked that his species

approached "Hastigerina in general form". The apertures of Brady's

species, as seen from his illustrations, are not interiomarginal, equa-

torial-symmetrical but asymmetric with an umbilical prolongation.
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Brady also illustrated a section of his species which shows that the

early stages are trochospiral, and the form is not planispiral

throughout. Cushman (1927) noted in the type description of

Globigerinella that his genus was "trochoid in the young, at least

in the microspheric form", whilst Thompson ( 1876) defined Hasti-

gerina (type species, Hastigerina murrayi T\\oxx\pson^=.N onionina

pelagica d'Orbigny, 1839) as being trochospiral in the early stages

but becoming planispiral later. As far as the writer is aware, the

only difference between Cushman's and Thompson's type species

are those of degree, not kind, and relate mainly to the presence or

absence of coarse or fine spmes. The actual nature of the spines in

either form does not appear to be different. Since there does not

appear to be any fundamental difference in morphology, the writer

regards Globigerinella Cushman, 1927, as a junior synonym of

Hastigerina Thompson, 1876.

Bolli, Loeblich, and Tappan (1957) also came to the same

conclusions as the present writer concerning the validity of Globi-

gerinella Cushman, 1927.

No typical specimens of Hastigerina {^^Globigerinella of

authors) seem to occur before the Miocene (probably not earlier

than Burdigalian); species referred to Globigerinella from the Cre-

taceous by various authors (including Tappan, 1943 and Bronni-

mann, 1952b) seem to be more likely referable to Biglobigerinella

Lalicker, 1948 or Planomalina Loeblich and Tappan, 1946.

It seems likely that Hastigerina has developed from a Globo-

rotalia species close to Globorotalia obesa Bolli. In some gerontic

forms of Globorotalia obesa- from the Globorotalia fohsi "Zone"

(s.l.), the last chamber shows the aperture extending over and on

to the periphery, at least as far as the median line. As pointed out

above, the aperture in Hastigerina is asymmetrical with a distinct

ventral prolongation; this ventral prolongation is thought to be

homologous with the interiomarginal, umbilical-extraumbilical

aperture of Glnborotalia. The stratigraphical occurrence of Hasti-

gerina supports the view that it may possibly have been derived

from the Miocene globorotalid stock.



lofUYO AND I*<)/,<)N l'\)KMA I IONS \'l N I /.t 1 1 I A ; IJl.OW 171

ll)is(iK'«'i-iiia ii<>*|iiila(4'i-iilis lltriHly)

ll}isri(;-(>i-iiin ii<>qiiila(<'nilis iH'qiiilalcralis (Hradvi I'l s, I'Ikh :!Ih I)

(il()/>i//ii iiiti (iii/iiiliitii iili.\ Ui;ul\, 1S7V, (jiKiit. |inii. Mill. Sti., London, ii.s.

vol. 19, p. 2S5, fiKs. IS-Jl (//,/,• I'.llis ;iiui Missiii;i, I'HO ,/ sr(/.).

Gldh'u/nittrlla arquilatn alts (Hiatly), HtiimKlc/, 1V^9, (.'usliiiiiiii l.iil>. I'oiam.

Rfs., SpcT. I'ulil. 25, I.. 2S(), pi. 21, fin. 51.

Ilast'u/nina cf. fin/tiiltitrKilis (Hrailv), Holli, 19 57, U.S. Nat. Miis., Hull.

No. 215, p. lOS, pi. 22, fi^s. ia-2i>.

A'('///r/r/>M:- lir;i(ly\s li^iiics show ih.il llicic is comskIci .iMc

variation in tin- (It7;rcc ol iii\ dliitioii ixcscni iii tins ioiin. It stc-ins

tliar Rc'i-cnl sixHiinciis oltcii show ,i ^icilci (Icf^ifc ol iiiudilmji;

than IS |)ii'sciit in the Mioiciic loiins wliuli do, liowcxci, show this

tcndt'iu'v III tin- last (.hainhci. Mu- wiitci (hsi mmiishis this siih-

spccK's not cntiri'lv <>ii thi' (hf;i(c ol mvohition hut. nioic cssiii-

tially, on the shape ol ihc ch.inihcis and llic n.iliiic ol ihc apci-

turc. This siihspc'cics is chst inmnshc-d Irom //(L\ti^i'nuii <i((/iii/<it/r-

alis in7>()/iitti (Cnshman) hy havmj; siihsphciical, laiil\' wcll-scp-

arati'd iliainht'is and hy ha\ in^ a more (hsiiiully as\innietiie .iper-

tiire which does not extend lai on to the <h>is.d side.

I/ypotypr: —I'roni sample, No. KM 2()()^.S, aii^tr line near

Pozoii, eastern l'"ale<'in; IMate S, lij^s. .^la-h, deposited in U.S.N.M.

collection, No. GKm*).

()( t urrou f. Ranges Irom the ( i/oharatii/id niiiyrn (i/dhoro-

talia lr)i^iuirHM\ Snh/.one to the ( i/nhirrrinii hii//(iii/i'\ '/one, I'o/iMi

foriTiation.

HusfiKcriiia actpiilalM-alis iinoliila (Cnsliiiiiiti) i'l. s, I'Ikh. :i2u-l)

Glohujnina (if/iiihilrrtilis Brady, n •'• i . iiivitliilu < iisliiii.ui, 1917, U.S. Nat.

MiiH., I'lor., vol. 51, No 2172, |>. 662. (i''i^;iii iv in Cnsliman, 1921, U.S.

Nat. Mus., Hull., No. 100, vol. 4, p. 293, fiRs. 1 1 a lie), ililr I'.llis and
Messina, 1940 ,/ srq.).

RoiKirks: —I his snhspeeies is distinguished Irom /hnli^rrina

ar(/ui/(it/'ra/i\ ac(]}iilatrrali\ (lir.idv) ni having closely appressed,

ovate ehamhers vvincii are dislmclly poinied towards (he iiinhih-

cus. I his snhspeeies is generally more involnle and h.is the aper-

ture extendiiifi; fiirtiiei over onto the dorsal side ol tin test (al-

thon^ii It IS still asvmmetiu willi a disiiiKt iinihilH a! pi olon^at ion

)

than III 1 1 a\l lyj'ruKi nrr/ in/nl iT/i/i s nrtj iii/nl rryi/i\ (Hiady).
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Hypotype: —From sample, No. RM 20053, auger line near

Pozon, eastern Falcon; Plate 8, figs. 32a-b, deposited in U.S.N.M.

collection. No. 626011.

Occurrence: —Ranges from the middle part of the Glohorotalia

mayeri/Globorotalia lenguaensis Subzone to the upper part of the

Sphaeroidinella seminulina Zone, Pozon formation.

Family OKBULOIDAE
Subfamily GLOBIGERININAE

Genus (iLOBIGEmiVA d'Orbigny, 1826

Globigerina angustiumbilicata (Bolli) PI. 7, figs. 33a-c, 34

Globlgnina ciprrocnsis angusthimhilirata Bolli, 1957, U.S. Nat. Mus., Bull.,

No. 215, p. 109, pi. 22, figs. 12a-13c.

Remarks: —Bolli ( 1957) originally described this form as a

subspecies of Globigerina ciperoensis Bolli, but in a recent letter to

the writer he agreed that this form is now better considered as a

distinct species.

Globigerina angustiumbilicata shows several significant differ-

ences from the two remaining subspecies of Globigerina ciperoen-

sis. Firstly, as Bolli (1957, p. 109) pointed out in his original de-

scription, the rate at which the chambers increase in size is dis-

tinctly greater than in either Globigerina ciperoensis ciperoensis or

Globigerina ciperoensis angidisuturalis. In this form the test is

slightly more trochospiral and has a smaller and less deep umbili-

cus than in either of the two subspecies of Globigerina ciperoensis.

Another important feature seen in this form is that the aperture

shows a tendency towards an interiomarginal, umhilical-extraum-

bilical position as well as having a distinct lip. Finally, the range

of this species is much more extended than that of Globigerina ciper-

oensis ciperoensis and Globigerina ciperoensis angidisuturalis.

Hypotype: —From sample, No. RM 19507, auger line near

Pozon, eastern Falcon; Plate 7, figs. 33a-c, deposited in U.S.N.M.

collection. No. 626013.

Occurrence: —Ranges from the Gatapsydrax stainforthi Zone

to the Globigerina bulloides Zone, Tocuyo and Pozon formations.

(ilobig-eriiia apertiira f'ushman PI. 8, figs. 35a-b

Globigrrina apcrtura Cushman, 1918, U.S. Geol. Surv., Bull., No. 676, p. 57,

pi. 12, figs. 8a-c {fide Ellis and Messina, 1940 ct scq.).
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Remarks: —This species shows a large, high-arched aperture

with a distinct thickened rim. The umhihcus is wide, and the cham-

bers rather loosely coiled.

The writer's specimens compare excellently with Cushman's

figured holotype, described from the Miocene of Virginia, U.S.A.

Globigerina apertura Cushman differs from Globigerina ampli-

apertura Bolli, 1957 by having looser coiling, a wider umbilicus, in-

flated and well-separated chambers. Globigerina ampliapertura is

restricted to the uppermost Eocene and lowermost Oligocene whilst

Globigerina apertura does not appear until the middle to upper

Miocene.

Globigerina apertura is considered to be related to Globigerina

bulloides d'Orbigny since Globigerina apertura first appears slightly

later than Globigerina bulloides. Transitional forms between these

two species are present in some samples from the upper part of

the Globorotalia men^rdii menardii/ Globigerina nepenthes Zone.

However, Globigerina apertura may be distinguished from Globi-

gerina bulloides by the very large and highly arched aperture, the

distinctive apertural rim and the looser coiling.

Hypotype: —From sample. No. RM 19791, auger line near

Pozon, eastern Falcon; Plate 8, figs. 35a-b, deposited in U.S.N.M.

collection No. 626015.

Occurrence: —Ranges from the upper part of the Globorotalia

men-ardii Tnenardii/ Globigerina nepenthes Zone to the Sphaeroidi-

nella seminidina Zone, Pozon formation. This species may prove

to be a most useful and restricted marker.

Globig-erina bradyi Wiesner PI. 7. fig. 36

Globigerina sp., Brady, 1884, Challenger Exped., Rept., Zool., vol. 9, p.

82, figs. 8, 9.

Globigerina bradyi Wiesner, 1931, Die Foraminiferen der deutschen SiJd-

polar-Expedition 1901-1903. In: Drygalski, Deutsche Siidpolar-Expedition

1901-1903, 1931, Bd. 20, (Zool. Bd. 12), p. 133 (fide Ellis and Messina,
1940 et seq.).

Globigerina bradyi Wiesner, Bolli, 1957, U.S. Nat. Mus., Bull., No. 215,

p. 110, pi. 23. figs. 5a-c.

Remarks: —The specimens observed in the Poz6n-El Mene

Road section compare well with Brady's figures and those figured

by Bolli (1957) from southern Trinidad. Bolli (1957) remarked
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that this species may be synonymous with Globigerinoides minuta

Natland (1938) which has sutural supplementary apertures around

the base of the last chamber. However, none of the writer's speci-

mens show secondary sutural apertures and they are, therefore,

assigned to Wiesner's species.

Bolli ( 1957) also remarked that Globigerina juvenilis Bolli

shows a close relationship to this species, but the present writer

regards both Globigerina juvenilis and Globigerina bradyi as being

distinct. The latter species is distinctly more trochospiral and the

chambers less inflated than in Globigerina juvenilis.

Hypotype: —From sample. No. RM 19285, auger line near

Pozon, eastern Falcon; Plate 7, fig. 36, deposited in U.S.N.M.

collection. No. 626017.

Occurrence: —Ranges from the Catapsydrax stainjorthi Zone

to the Globigerina bulloides Zone, and Pozon formations.

(iloblgrerina biilbosa LeRoy Fl. 9, figs. 37a-c

Globii/rrina hulhosa LeRov, 1944, Colorado School Mines, Quart., vol. 39, No.
3, pt. 1, p. 39, pi. 3, figs. 26. 27.

Remarks: —This species, which was originally described by

LeRoy from the Miocene of central Sumatra, shows radially elong-

ate and rather bulbous chambers. The chambers increase rapidly

in size as added. In the eastern Falcon specimens, the aperture is

seen to possess a thin lip.

This species seems to be related to Globigerina foliata Bolli

but differs from the latter species by having radially elongate, not

spherical, chambers, and in being less trochospiral with a slightly

more open type of coiling.

Forms which appear to be transitional between Globigerina

foliata and Globigerina bulbosa occur in the basal part of the Globo-

rotalia johsi lobata Zone. According to a letter received from H.

M. Bolli, this species has now been observed in samples from the

Cipero and Lengua formations of southern Trinidad.

Hypotype: —From sample. No. RM 19480, auger line near

Pozon, eastern Falcon; Plate 9, figures 37a-c, deposited in U.S.N.M.

collection. No. 625719.
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Occurrence: —Ranges from the lower part of the Globorotalia

fohsi lobata Zone to the upper part of the Sphaeroidinella semi-

nulina Zone, Pozon formation.

Globig-erina bulloldes d'Orbigny PI. 9, figs. 38a-c

Globigerina huUoiJcs d'Orbigny, 1826, Ann. Sci. Nat., Paris, ser. 1, vol. 7,

p. 277. Modeles nos. 17, 76 {fide Ellis and Messina, 1940 ft scq.).

Globigerina hulloides d'Orbigny, Cushman. 1941, (pars), Cushman Lab.

Foram. Res., Contr., vol. 17, p. 38, pi. 10, figs. 3-7.

Remarks: —The writer's concept of this species is restricted

to forms similar to those illustrated by Cushman (1941) as topo-

types from Rimini, Italy. Cushman's illustrations agree excellently

with topotype material examined by the writer and kindly sup-

plied by the United States National Museum, Washington, D.C.

Forms referable to Globigerina bulloides show four chambers

in the last whorl with a moderately arched intenomarginal, um-

bilical aperture and a fairly wide and deep umbilicus. The cham-

bers are inflated, spherical, well separated and increase regularly in

size. The test is distinctly trochospiral with usually 2/4-3 convo-

lutions visible on the dorsal side. The equatorial periphery is lo-

bate and has a subcircular profile.

The specimens from eastern Falcon compare well with the

topotypes figured by Cushman and are regarded as being typical.

They first appear in sediments which are considered to be not

older than middle Miocene. Bolli ( 1950, p. 1) also pointed out that

Globigerina bulloides probably does not appear earlier than middle

Miocene.

Globigerina diplostovia Reuss, Globigerina concinna Reuss,

and Globigerina quadrilatera Galloway and Wissler all seem to be

closely related to Globigerina bulloides. A study of Recent Globi-

gerina bulloides from the North Sea ( north-east of Scotland —ma-

terial kindly supplied by H. M. Bolli) and the Gulf of Paria, the

Atlantic Ocean, as well as the writer's Miocene material from

eastern Falcon, shows that there are transitional forms from Globi-

gerina bulloides, with four chambers in the last whorl, to Globigerina

concinna Reuss with five well-developed chambers in the last

whorl. These transitional forms show the fifth chamber variable
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in size, with all gradations from rudimentary to well developed. It

seems likely, therefore, that Globigerina concinna should be re-

garded as a subspecies of Globigerina bulloides.

The study of these Globigerina bulloides populations has also

shown that some otherwise typical but small forms often have an

aberrant final chamber and appear similar to either Globigerina

diplostoma or, more especially, to Globigerina quadrilatera. It is

possible that these two forms should be considered synonymous

with Globigerina bulloides or Globigerina concinna.

Hypoty-pe: —From sample, No. RM 19791, auger line near

Pozon, eastern Falcon; Plate 9, figures 38a-c, deposited in U.S.N.M.

collection, No. 626019.

Occurrence: —Ranges from the middle part of the Globorotalia

menardii menardii/Globigerina nepenthes Zone to the Globigerina

bulloides Zone, Pozon formation.

Glubigeriiia eainesi Blow, sp. nov. PI. 9, figs. 39a-c

Diagnosis of species: —Test strongly trochospiral with 11-12

chambers arranged in about three whorls and with four chambers

in the last whorl; chambers subspherical, inflated but somewhat

embracing, also increasing regularly and fairly slowly in size as

added; equatorial periphery lobate; equatorial profile subcircular;

axial periphery rounded. The sutures of the spiral side and um-

bilical side are depressed, radial to slightly curved. Umbilicus

small, usually almost closed; aperture an elongate slit with a thin

lip, interiomarginal, umbilical; wall calcareous, perforate, thin and

fragile, rough to distinctly spinose, often with thick spines. Maxi-

mumdiameter of holotype, 0..34 mm.

Remarks: —This species is characterized by the rough to spin-

ose wall which is also thin and fragile. It diflFers from Globigerina

joliata Bolli by being more trochospiral, in having a very small

umbilicus, a slitlike aperture and in the chambers being less well

separated.

This species is named after Dr. F. E. Fames (Chief Palaeon-

tologist, The British Petroleum Co. Ltd., London) in recognition of

his contributions to Miocene stratigraphy and also in appreciation
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of the encouragement he has given the author during the prepara-

tion of this work.

Holotype: —From sample, No. RM 19778, auger Hne near

Pozon, eastern Falcon; Plate 9, figures 39a-c, deposited in U.S.N.M.

collection, No. 625695.

Occurrence: —Ranges from the middle part of the Globorotalia

menardii Tnenardii/Globigerina nepenthes Zone to the Sphaeroidi-

nella seminulina Zone, Pozon formation.

Globigerina falconensis Blow, sp. nov. PI. 9, figs. 40a-c, 41

Diagnosis of species: —Test low trochospiral with 10-12 cham-

bers arranged in about lYz whorls and with 4 chambers m the last

whorl; chambers subspherical, slightly embracing, especially the

last, increasing regularly and rather slowly in size as added; equa-

torial periphery lobate; axial periphery rounded; sutures of the

spiral and umbilical sides radial, depressed but not much incised;

umbilicus small but deep, sometimes almost closed by the strongly

developed lip of the last chamber; aperture an elongate low arch

or sometimes rather slitlike with a well-developed lip, interiomar-

ginal, umbilical; wall calcareous, rather coarsely perforate. Maxi-

mum diameter or holotype, 0.34 mm.

Remarks: —This species is distinguished from Glohigerina foli-

ata Bolli in having slightly embracing chambers and an elongate

aperture with a well-developed apertural lip.

Holotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; Plate 9, figures 40a-c, deposited in U.S.N.M.

collection. No. 625697. Plate 9, figure 41, paratype, also deposited

in U.S.N.M. collection, No. 625698.

Occurrence: —Ranges from the Globigerinatella insuet a / Globi-

gerinoides bisph erica Subzone to the Globigerina bulloides Zone,

Tocuyo and Pozon formations.

Grlobigerina foliata Bolli PI. 10, figs. 42a-c

Globigerina foliata Bolli, 1957, U.S. Nat. Mus., Bull., No. 215, p. Ill, pi.

24, figs la-c.

Remarks: —This species is distinguished by having almost

spherical and well-separated chambers which increase rapidly as
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size is added. The last chamber, however, is often smaller than

the penultimate chamber.

Hypotype: —From sample. No. RM 19697, auger line near

Pozon, eastern Falcon; Plate 10, figures 42a-c, deposited in U.S.N.M.

collection, No. 626021.

Occurrence: —Ranges from the Catapsydrax stainjorthi Zone

to the upper part of the SphaeroidineUa seminulina Zone, Tocuyo

and Pozon formations.

Globig'erin.a juvenilis Bolli PI. 10, figs. 43a-b

Glohigcrina juvenilis Bolli, 1957, U.S. Nat. Mus., Bull., No. 215, p. 110,

pi. 24, figs. 5a-6.

Remarks: —This small species has inflated chambers, a small

umbilicus and thin, finely perforate walls. The aperture is a nar-

row elongate slit usually with a thin but distinctive lip.

In some forms, which are still probably referable to this species,

the lip abuts closely onto the ventral surface of the opposing

chamber appearing much like a narrow bulla. These forms appear

transitional to Globigerinita.

Bolli (1957) considered that this species may possibly repre-

sent the juvenile state of Globigerinita naparimaensis Bronnimann,

but the present writer is inclined to view that this form is a dis-

tinct species from which Globigerinita developed heterochronously

at various levels throughout the Miocene.

Hypotype: —From sample. No. RM 19507, auger line near

Pozon, eastern Falcon; Plate 10, figures 43a b, deposited in

U.S.N.M. collection. No. 626023.

Occurrence: —Ranges throughout all zones of the Tocuyo and

Pozon formations as seen in the Pozon-El Mene Road Section.

GloWgeriiia nepenthes Todd Pi. 8, figs. 44, 45

Glohigcrina nepcnthrs Todd, 1956, U.S. Geol. Surv., Prof. Paper 280-H,

p. 301, pi. 78, fig. 7.

Glnhiqnina nrprnthcs I'odd, Bolli, 1957, U.S. Nat Mus., Bull., No. 215, p.

Ill, pi. 24, figs. 2a-c.

Remarks: —This distinctive species shows trends towards be-

coming more tightly coiled and the chambers more strongly em-

bracing. Concomitant with these trends, there is also a further
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trend wherein the wall becomes thicker and the aperture less

strongly arched so that later forms of the species appear rather

Spltaeroidinella-Wke (PI. 8, fig. 45).

Hypotype: —From sample, No. RM 20026, auger line near

Pozon, eastern Falcon; Plate 8, figure 44, deposited in U.S.N.M.

collection No. 626025. Figure 45, from sample, No. RM20065, also

deposited in U.S.N.M., collection, No. 626027.

Occurrence: —Ranges from the base of the Globorotalia may-

eri/Globigerina nepenthes Subzone to the top of the Globorotalia

menardii menardii/Globigerina nepenthes Zone, Pozon formation.

Globigerina parabulloides Blow, sp. nov. PI. 10, figs. 46a-c

Diagnosis of species: —Test trochospiral with 9-10 chambers

arranged in about three whorls and with four chambers m the last

whorl; chambers ovate to subspherical, inflated and rather em-

bracing, sometimes slightly appressed, increasing moderately rap-

idly in size as added so that the equatorial profile of the test ap-

pears distinctly elongate in the direction of the last chamber;

equatorial periphery strongly lobate; axial periphery rounded; su-

tures of the spiral side depressed, radial to slightly curved; sutures

of the umbilical side depressed but not deeply incised, radial; um*-

bilicus small, rather shallow; aperture a low arch restricted

in lateral extent to the umbilical depression, interiomarginal, um-

bilical, and with a distinct lip or thickened rim; wall calcareous,

perforate, rather thick; maximum diameter of holotype, 0.34 mm.

Reyn-arks: —This species differs from Globigerina praebulloides

Blow, sp. nov. in having a laterally restricted aperture with a dis-

tinctive lip or thickened rim, a small and shallow umbilicus, a

distinctly more trochospiral test which is more precisely coiled and

inflated chambers.

This species differs from Globigerina bulloides d'Orbigny in

having a much smaller and restricted aperture, a smaller umbili-

cus, less deeply incised sutures and an elongate equatorial profile.

Globigerina parabulloides is considered to be descended from Globi-

gerina praebulloides but appears earlier than Globigerina bulloides.

Transitional forms from Globigerina praebulloides to Globi-
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gerina parabulloides occur in the Globorotalia mayeri/Glohorotalia

lenguaensis Subzone.

Holotype: —From sample, No. RM 19791, auger line near

Pozon, eastern Falcon; Plate 10, figures 46a-c, deposited in U.S.N.M.

collection. No. 625699.

Occurrence: —Ranges from the Globorotalia Tnayeri/ Globoro-

talia lenguaensis Subzone to the Globigerina bulloides Zone, Pozon

formation.

Glol>if?erina praebiilloides Blow, sp. nov. PI. 8, figs. 47a-c; PI. 9, 48

Globigerina aff. bulloides d'Orbigny, Stainforth, 1948, {pars), Jour. Pal.,

vol. 22, No. 2, p. 118, pi. 25, figs.' 14, 15 {non figs. 16-18).

Diagnosis of species: —Test weakly trochospiral with 8-9 cham-

bers arranged in about lYz whorls, with usually 4, occasionally 5,

chambers in the last whorl. The fifth chamber, when present, only

rudimentary or small; chambers ovate, not much inflated but ap-i

pressed and often slightly embracmg, mcreasing rapidly m size as

added so that the equatorial profile of the test appears distinctly

elongate in the direction of the last chamber; equatorial periphery

lobate; axial periphery rounded; sutures of the spiral and umbili-

cal sides depressed but rather shallow, radial to slightly curved;

umbilicus small and not deep; aperture a low to moderate arch,

interiomarginal, umbilical; wall calcareous, perforate; maximum
diameter of holotype, 0.30 mm.

Remarks: —This species differs from Globigerina bulloides

d'Orbigny in having an elongate, not subcircular, equatorial pro-

file, and chambers which are normally ovate, appressed and often

slightly embracing. The chambers increase more rapidly in size in

this species and the coiling is less trochospiral and not so precise

as in Globigerina bulloides. This species also differs from Globigerina

bulloides in having a comparatively smaller, less strongly arched

aperture and the test is consistently smaller in size.

Stainforth (1948b, p. 118) noted the same characters as re-

corded above for forms he referred to as Globigerina aff. bulloides

"form A", from the Oligocene of Ecuador; however, Stainforth

described two different forms as Globigerina aff. bulloides, and his

"form B" (Stainforth, 1948b, p. 121 —explanation of plate 25, figs.
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16-18) seems referable to the genus Globorotalia.

Globigerina praebulloides is considered as being ancestral to

both Globigerina bulloides and Globigerina parabulloides.

Holotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; Plate 8, figures 47a-c, deposited in U.S.N.M.

collection. No. 625701. Figured paratype (PI. 9, fig. 48) also de-

posited in U.S.N.M. collection. No. 625702.

Occurrence: —Ranges from the Catapsydrax stainjorthi Zone

to the middle part of the Globorotalia menardii menardii/ Globi-

gerina nepenthes Zone, Tocuyo and Pozon formations.

Genus GLOBOQUADRINAFinlay, 1947

The species referred to this genus have several features in

common. One of the most important biocharacters is the peculiar

toothlike flap (or projection) which restricts and modifies the

aperture and projects into the umbilical depression. This tooth-

like flap IS regarded as being distinctly different from a normal lip

seen in some species of Globigerina. In Globoquadrina the umbilical

teeth ( Bolli, Loeblich, and Tappan, 1957) lie within the umbilical

depression, are usually pointed and often elongate, with an asym-

metric outline as viewed from above.

Normally the aperture, in the various adult species of Globo-

quadrina discussed here, is interiomarginal, umbilical, but shows

a tendency towards an interiomarginal, umbilical-extraumbilical

position in some species, especially in juvenile forms or in the ear-

lier chambers as seen in broken specimens.

Members of this genus typically show lateral compression of

the later chambers.

Globoquadrina dehisceiis dehiscens (Chapman, Parr, and follins)

Two groups of forms, which are regarded as subspecies, have

been observed in the Poz6n-El Mene Road section. The form de-

scribed as Globoquadrina quadraria (Cushman and Ellisor) 1939,

is regarded as being close to Globoquadrina dehiscens, and it is not

possible to separate these two forms when dealing with a popula-

tion. However, the type described as Globoquadrina quadraria var.

advena Bermudez is distinctive and appears to have a different
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stratigraphical range. Bermudez's variety is, however, regarded as

being closely related to Globoquadrina dehiscens, and since the

name given by Chapman, Parr, and Collins in 1934 has priority,

the variety "advent" is considered as a subspecies of Globoquadrina

dehiscens (Chapman, Parr, and Collins).

(iloboqiiadrina dehiscens dehiseens (Chapman, Parr, and Collins)

PI. S, figs. 49a-c

Glohorotalla dehiscens Chapman, Parr, and Collins, 1934, Linn Soc. London,
Jour. Zool., vol. 38, No. 262, p. 569, pi 11, figs. 36a-c [fide Ellis and
Messina, 1940 et seq.).

Remarks: —This subspecies possesses a fairly wide umbilicus,

also distinctive asymmetrical umbilical teeth. The chambers are gen-

erally not much embracing, and the sutures are distinct. It often

shows much lateral compression of the later chambers, with a re-

sultant quadrate outline.

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; Plate 8, figures 49a-c, deposited in U.S.N.M.

collection, No. 626028.

Occurrence: —Ranges from the Catapsydrax stainforthi Zone

to the lower part of the Sphaeroidinella seminulina Zone, Tocuyo

and Pozon formations.

Globuqnadrina dehiscens ad\ena Bermudez PI. 8, figs. 50a-b

Globoquadrina quadrat ia (Ciishman and Ellisor) var. advena Bermudez.
1949, Cushman Lab. Foram. Res., Spec. Pulil. 25, p. 287, pi. 22, figs. 36-38.

Remarks: —This subspecies possesses a comparatively small,

sometimes almost closed, umbilicus. The chambers are closely coiled

and embracing, with the sutures indistinct.

In general, the test appears rather quadrate, but it may appear

almost subsphencal owing to the tight coil, embracing chambers,

and the lateral compression of the later chambers.

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; Plate 8, figs. 50a-b, deposited in U.S.N.M.

collection, No. 626030.

Occurrence: —Ranges from the Catapsydrax stainforthi Zone

to the Globorotalia mayeri/Globorotalia lenguaensis Subzone, To-

cuvo and Pozon formations.
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(Tloboqiiadrina altispira (Cushman and Jarvis)

Globoquadrina altispira altispira (Cushman and Jarvis) PI. 8, figs. 51a-c

Globigcrina altispira Cushman and Jarvis, 1936, Cushman Lab. Foram. Res.,

Contr., vol. 12, pt. 1, p. 5, pi. 1, figs. 13a-c. 14 {fide Ellis and Messina,
1940 ct seq.).

Globoquadrina altispira altispira (Cushman and Jarvis), Bolli, 1957, U.S.

Nat. Mus., Bull., No. 215, p. Ill, pi. 24, figs. 7a-8b.

Remarks: —This subspecies possesses axially elongate and often

fairly strongly laterally compressed chambers. Distinct asymmetri-

cal umbilical teeth occur.

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; Plate 8, figures 51a-c, deposited in U.S.N.M.

collection, No. 626032.

Occurrence: —Ranges from the Catapsydrax stainforthi Zone

to the basal part of the Globorotalia mayeri/Globorotalia lengnaen-

sis Subzone, Tocuyo and Pozon formations.

Globoquadrina altispira globosa Bolli PI. 11, figs. 52a-c

Globoquadrina altispira globosa Bolli, 1957, U.S. Nat. Mus., Bull., No. 215,

p. Ill, pi. 24, figs. 9a-10c.

Remarks: —This subspecies is distinguished from Globoquad-

rina altispira altispira (Cushman and Jarvis) by having more glob-

ular and less axially elongate chambers. Well-marked, slightly asym-

metrical umbilical teeth are present.

Hypotype: —From sample, No. RM 19542, auger line near

Pozon, eastern Falcon; Plate 11, figures 52a-c, deposited in U.S.N.M.

collection. No. 626034.

Occurrence: —Ranges from the Catapsydrax stainforthi Zone

to the top of the Globigerinatella insueta/Globigerinoides bispher-

ica Subzone and then reappears at the base of the Globorotalia

Tnay eri/ Globorotalia lenguaensis Subzone ranging up to the Globo-

rotalia Tnenardii menardii/ Globigerina nepenthes Zone, Tocuyo and

Pozon formations. The subspecies does not seem to occur in the

intervening Globorotalia fohsi "Zone" (s.l.) either in southern Trin-

idad or in eastern Falcon.

Globoquadrina larnieui Akers PI. 11, figs. 53a-c

Globoquadrina larmeui Akers, 1955, Jour. Pal., vol. 29, No. 4, p. 661, pi.

65, figs. 4a-4c.
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Remarks: —The specimens from eastern Falcon compare well

with the figures given by Akers. As Akers (1955) remarked this

species is closer to the genus Globigerina than other recorded spe-

cies of the genus Glob o qua drina. However, the umbilical teeth are

distinctive and the aperture shows a slight tendency towards an

interiomargmal, umbilical-extraumbilical position.

The umbilicus of this species is shallow especially when com-

pared to other species of Globoquadrina.

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; Plate 11, figures 53a-c, deposited in U.S.N.M.

collection, No. 625721.

Occurrence: —Occurs from the top of the Catapsydrax stain-

jorthi Zone to the Globorotalia mayeri/ Globigerina nepenthes Sub-

zone. Tocuyo and Pozon formations.

Globoquadrina pozoiiensis Blow, sp. nov. PI. 10. figs. 54a-c, 55, 56

Diagnosis of species: —Test distinctly trochospiral with 11-12

chambers arranged in about 2Yz whorls and with 4-5 chambers in

the last whorl; chambers subspherical to ovate but sometimes

rather appressed and also slightly compressed laterally; equatorial

periphery lobate; equatorial profile subcircular; axial periphery

rounded; sutures of the spiral and umbilical sides radial and de-

pressed; umbilicus rather small but deep; aperture a rather small

arched opening with a distinct umbilicial tooth; in the adult gen-

erally interiomarginal, umbilical, but in some specimens (PI. 10, fig.

55) interiomarginal, umbilical-slightly extraumbilical; apertures

of the early chambers and in juvenile specimens distinctly interio-

marginal, umbilical-extraumbilical; wall calcareous, coarsely per-

forate and often rather rough to slightly spinose; maximum di-

ameter of holotype, 0.28 mm.

Remarks: —This species shows a distinctly interiomarginal,

umbilical-extraumbilical aperture in the early chambers which

becomes generally interiomarginal, umbilical in the adult. The um-
bilical teeth, although small, are distinct. The sutures are usually

distinct, notwithstanding the rather appressed and laterally com-

pressed chambers seen in some specimens.
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Globoquadrina pozcmensis distinguished from Globoquadrina

altispira globosa Bolli by the rather more appressed chambers, rehi-

tively smaller umbilicus, relatively smaller aperture and consistently

smaller test and by the coarsely perforate and rather rough wall.

Holotype: —From sample. No. MM. 20065, auger line near Po-

zon, eastern Falcon; PI. 10, figures 54a-c, deposited in U.S.N.M. col-

lection. No. 625703. (Figured paratypes from same sample also

deposited in U.S.N.M.)

Occurrence: —Ranges from the Globorotalia mayeri/Globi-

bigerina nepenthes Subzone to the Globigerina bnlloides Zone, Pozon

formation.

Globoqnadriiia rohri (Bolli) PI. 11, figs. 57a-c

Globigerina rohri Bolli, 1957, U.S. Nat. Mus., Bull., No. 215, p. 109, pi. 23,

figs. la-4b.

Remarks: —Bolli (1957) placed his species in the genus Glob-

igerina and did not mention the occurrence of umbilical teeth.

Bolli also pointed out that in his specimens the umbilicus is small

and almost closed. Most of the writer's specimens also show the

nearly closed umbilicus, but some specimens show a rather wider

umbilicus and a well-marked asymmetrical umbilical tooth; in

other respects these specimens show no further differences in mor-

phology.

Bolli (1957) recorded this species as occurring not higher than

the Catapsydrax dissimilis Zone but the writer's specimens come

from the lower part of the overlying Catapsydrax stainjorthi Zone,

and the more open umbilicus may be a more advanced feature of

some phylogenetic significance. These forms with the wider umbili-

cus and distinctive umbilical teeth show some features in common
with the Globoquadrina dehiscens group and it seems likely that

Globoquadrina rohri may be the ancestor of Globoquadrina de-

hiscens.

Holotype: —From sample, No. RM 19117, auger line near

Pozon, eastern Falcon; Plate 11, figures 57a-c, deposited in U.S.N.M.

collection. No. 626036.

Occurrence: —Occurs only in the lower part of the Catapsydrax

stainjorthi Zone, Tocuyo formation.
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Globoquadrina venezuelana (Hedberg) PI. 11, figs. 58a-c, 59

Globigcrlna venezuflana Hedberg, 1937, Jour. Pal., vol. 11, No. 8, p. 681, pi.

92, figs. 7a-b.

Rem-arks: —This species is referred to the genus Globoquadrina

Finlay, as Finlay (1947) suggested. Inspection of Hedberg's (1937)

type figure 7a shows a pointed umbiHcal tooth projecting into the

umbiUcus; this feature has been seen in all the writer's specimens,

although the umbiHcal teeth may be small and in some cases

rudimentary.

Bolli (1957) discussed the variation in size and shape of the

chambers of this species as seen in the Cipero and Lengua forma-

tions of southern Trinidad, and a similar variation is seen in

eastern Falcon. However, the differences in morphology seem to

be variable and not sufficiently constant for taxonomic subdivision

of the species. Besides the variation in lateral compression of the

chambers as noted by Bolli (1957), the writer has noted that forms

with a closed or nearly closed umbilicus and with small umbilical

teeth are most frequent from the Catapsydrax stainforthi Zone to

Globorotalia fohsi fohsi Zone, whilst forms with comparatively

more open umbilici and more distinct umbilical teeth occur most

frequently from the Globorotalia fohsi lobata Zone to the Globoro-

talia menardii menardii/Globigerina nepenthes Zone. In the Sphae-

roidinella seminulina Zone and in the Globigerina bulloides Zone

only the forms with the larger umbilici and more distinctive um-
bilical teeth have been observed. (See fig. 59.)

Hypotype: —From sample, No. RM 19188, auger line near

Pozon, eastern Falcon; Plate 11, figures 58a-c, deposited in U.S.N.M.

collection No. 626038. Plate 11, figure 59, from sample, No. RM
19542, deposited in U.S.N.M. collection. No. 626040.

Occurrence: —Ranges throughout the Poz6n-El Mene Road

section (Catapsydrax stainforthi Zone to Globigerina btdloides

Zone), Tocuyo and Pozon formations.

Genus GLOBIGElflNOlDES Cushman, 1927

Glohig'orinoides triloba (Reuss)

The writer agrees with the views of Bolli (1957, p. 112) re-

garding the relationship of both Globigerinoides sacculifera (Brady)
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and a form recorded by LeRoy ( 1939) as Globigerinoides sacculijera

immatura to Globigerinoides triloba (Reuss). Forms transitional

between these species are often difficult to place with certainty.

This is especially so for Globigerinoides triloba (Reuss) and Glo-

bigerinoides sacculijera immatura LeRoy, whilst a study of the

ontogeny of Globigerinoides sacculijera (Brady) shows that it is

only the possession of a saclike, elongate final chamber which dis-

tinguishes this form from Globigerinoides sacculijera immatura

LeRoy. These closely related forms, which appear practically at

the same time in the Globorotalia kugleri Zone (Bolli, 1957), are

treated here as subspecies of Globigerinoides triloba (Reuss), since

Reuss's name has priority. Bolli (1957) described another form,

which is closely related to this group, as Globigerinoides triloba

altiapertura.

Olobigerinoides triloba triloba (Reuss) PI. 11. figs. 60a-b

Globiger'ma triloba Reuss, 1850, K. Akad. Wiss, Wien, Math. -Nat. CI.,

Denkschr., vol. 1, p 374, pi. 47, figs, lla-d (fide Ellis and Messina, 1940
et seq.).

GlobigcrinoiJei triloba (Reuss), Blow, 1956, Micropaleontology, vol. 2, No.

1, p. 62, text-fig. 1, Nos. 1-3.

Globigerinoides triloba triloba (Reuss), Bolli, 1957, U.S. Nat. Mus., Bull.,

No. 215, p. 112, pi. 25, figs. 2a-c.

Remarks: —This is distinguished from Globigerinoides triloba

immatura LeRoy m having a more inflated final chamber which

embraces more of the earlier test. It has, in general, a more elon-

gate and narrower primary aperture than Globigerinoides triloba

immatura LeRoy.

Holotype: —From sample. No. RM 19285, auger line near

Pozon, eastern Falcon; Plate 11, figures 60a-b, deposited in U.S.N.M.

collection. No. 626125.

Occurrence: —Ranges from the base of the Poz6n-El Mene
Road section (Catapsydrax stainjorthi Zone) to the Globigerina

bulloides Zone, Tocuyo and Pozon formations.

Globig-eriiioides triloba altiapertura Bolli PI. 10. figs. 61a-b

Globigerinoides triloba altiapertura Bolli, 1957, U.S. Nat. Mus., Bull., No.

215, p. 113, pi. 25. figs. 7a-8.

Remarks: —This subspecies is distinguished from other sub-
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species of the triloba group by having a large and highly arched

primary aperture. It is distinguished from Globigerinoides bollii

Blow, sp. nov. by having inflated, spherical chambers, and larger

supplementary apertures; the chambers are, moreover, not em-

bracing.

Hypotype: —From sample, No. RM 19152, auger line near

Pozon, eastern Falcon; Plate 10, figures 61a-b, deposited in U.S.N.M.

collection. No. 626127.

Occurrence: —Ranges from the base of the Poz6n-El Mene
Road section (Catapsydrax stainforthi Zone) to the lower part of

the Globigerinatella insueta/ Globigerinoides triloba Subzone, To-

cuyo formation.

Globig-eriiioides triloba iiiiinatura LeRoy PI. 11, figs. 62a-b

Glohlgcrlno'iJt's s/icculifrrus (Brady) var. Immatuia Lerov, 1939, Natuurk.
Tijdschr. Nederl. -Indie, deel 99, afl. 6, p. 263, pi. 3, figs.' 19-21 (fide Ellis

and Messina, 1940, ft srrj.).

Globigcrinoidi's triloba immatura LeRov, Bolli, 1957, U.S. Nat. Mus., Bull.,

No. 215, p. 113, pi. 25, figs. 3a-4c.

Remarks: —This subspecies differs from Globigerinoides triloba

sacculijera (Brady) by not having a saclike elongate final chamber.

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; Plate 11, figures 62a-b, deposited in U.S.N.M.

collection. No. 626129.

Occurrence: —Ranges from the base of the Poz6n-El Mene
Road section (Catapsydrax stainforthi Zone) to the Globigerina

bulloides Zone, Tocuyo and Pozon formations.

Globig-erinoides triloba sacculifcra (Brady) PI. 11, figs. 63a-b

Globigerina sacculifera Brady, 1877, Geol. Mag., n.s. decade 2, vol. 4. No. 12,

p. 535, figures in Brady, 1884, Challenger Exped. Rept.. Zo.ol., vol. 9,

pi. 90, figs. 15 and 16 [fide Ellis and Messina, 1940 ct seq.).

Globigerinoides triloba sacculifera (Brady), Bolli, 1957, U.S. Nat. Mus., Bull.,

No. 215, p. 113, pi. 25, figs. 5a-6.

Remarks: —
\ his subspecies is distinguished by the character-

istic saclike, final chamber. Both the primary and the dorsal sup-

plementary apertures ot the last chambers seem to be rather more

strongly arched than the apertures of the last chamber of Glo-

bigerinoides triloba immatura LeRoy.
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Hypvtype: —From sample. No. RM 19697, auger line near

Pozon, eastern Falcon; Plate 11, figures 63a-b, deposited in U.S.N.M.

collection, No. 626131.

Occurrence: —̂Ranges from the base of the Poz6n-El Mene

Road section {Catapsydrax stainjorthi Zone) to the Globigerma

btdloides Zone, Tocuyo and Pozon formations.

Globigerinoides bispherica Todd Fl. 11, fig. 64

Globlgci-'itiolJes hisphcrica Todd, 1954, Amer. Jour. Sci., vol. 252, No. 11,

p. 681, pi. 1, figs. la-c.

GlobigcrinoiJfs hisphcrica Todd, Blow, 1956, Micropaleontology, vol. 2, No.

1, p. 62, text-fig. 1, Nos. 4-8; text-fig. 2, Nos. 10-11.

Glohigcrinoidcs hisphcrica Todd, Bolli, 1957, U.S. Nat. Mus., Bull., No. 215,

p. 114, pi. 27, figs. la-b.

Remarks: —Blow (1956) emended the original description of

Todd (1954) in order to recognize Porticidasphaera glomerosa

(Blow). As emended, Globigerinoides bispherica shows two to

four apertures along the suture between the last and earlier cham-

bers. The last chamber embraces about 15 to 35 percent of the

penultimate and earlier chambers. The primary aperture is still

distinct, although it is elongate and often partially constricted

by ingrowths of clear shell material which tend to subdivide it.

This species is regarded as the ancestor of Porticulasphaera

glo^nerosa (Blow) and Porticulasphaera transitoria (Blow).

Hypotype: —From sample. No. RM 19285, auger line near

Pozon, eastern Falcon; Plate 11, figure 64, deposited in U.S.N.M.

collection. No. 626133.

Occurrence: —Ranges from the base of the Globigerinatella

insueta/ Globigerinoides bispherica Subzone to the lower part of

the Globorotalia fohsi barisanensis Zone, Tocuyo, and Pozon for-

mations.

Olobig-eriiioides bollii Blow, sp. nov. PI. 10, figs. 65a-c

Diagnosis of species: —Test trochospiral with four chambers

in the last whorl; equatorial periphery lobate; axial periphery

rounded; chambers subspherical or ovate, much embracing; sutures

of the spiral and umbilical sides depressed but often indistinct,

radial to slightly curved; umbilicus small, often almost completely

closed; primary aperture interiomarginal, umbilical, the opening
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almost completely circular but generally rather small; supplemen-

tary apertures on the spiral side, sutural, small; usually only one

present, situated in the suture between the last chamber and its

predecessor, although an additional supplementary aperture may
be present in the suture between the penultmiate and antepenulti-

mate chambers; wall calcareous, perforate, often rather thick;

maximum diameter of holotype, 0.34 mm.

Retnarks: —This species differs from Globigerinoides obliqua

Bolli in having much more embracing chambers, a small, almost

circular, primary aperture, and in the last few chambers not show-

ing any lateral and oblique compression. A characteristic of this

species is the "cut-in" nature of the umbilical margin of the pri-

mary aperture. Early forms of this species only show one supple-

mentary aperture on the spiral side which is situated in the suture

between the last and penultimate chambers. However, in later

forms from the Globorotalia menardii menardii/Globigerina nep-

enthes Zone, an additional supplementary aperture appears in the

suture between the penultimate and antepenultimate chambers.

This species seems to have a different origin from that of

the Globigerinoides triloba group. According to Bolli (1957),

Globigerinoides triloba (Reuss) appears to originate in the Globo-

rotalia kugleri Zone and to develop from a form recorded by him

as Globigerina cf. trilocidaris d'Orbigny. However, Globigerinoides

bollii does not appear until the basal part of the Globorotalia

mayeri/ Globigerina nepenthes Subzone and seems to have origi-

nated from a Globigerina sp., which has an otherwise similar

morphology to this species but does not have supplementary aper-

tures. This Globigerina sp. is scarce and appears to be limited to

the upper part of the Globorotalia johsi robusta Zone.

This species is named after Dr. H. M. Bolli in recognition of the

valuable training the writer received from him whilst in Trinidad.

Holotype: —From sample. No. RM 19697, auger line near

Pozon, eastern Falcon; Plate 10, figures 65a-c, deposited in

U.S.N.M. collection, No. 625717.

Occurrence: —Ranges from the base of the Globorotalia may-
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eri/Globorotalia lenguaensis Subzone to the Globigerina bulloides

Zone, Pozon formation.

Globigeriiioides dimiiiuta Bolli PI. 13, figs. 66a-b

Globiigrrinoidcs diminuta Bolli, 1957, U.S. Nat. Mus., Bull. No. 215, p. 114,

pi. 25, figs, lla-c.

Remarks: —This species is distinguished from Globigerinoides

rubra (d'Orbigny) by its more embracing chambers, its distinctly

quadrate outline, and its consistently smaller size.

Hypotype: —From sample. No. RM 19285, auger line near

Pozon, eastern Falcon; Plate 13, figures 66a-b deposited in

U.S.N.M. collection. No. 626135.

Occurrence: —Ranges from the upper part of the Globiger-

inatella insueta / Globigerinoides triloba Subzone to the top of the

Globigerinatella insueta/ Globigerinoides bisph erica Subzone, To-

cuyo and Pozon formations. It is a useful marker for this interval.

Olobig'erinoides mitra Todd PI. 13, fig. 67

Globigerinoides mitra Todd, 1956, U.S. Geol. Suv., Prof. Paper 280-^, p.

302, pi. 78, figs. 3,6.

Globigerinoides mitra Todd, Bolli, 1957, U.S. Nat. Mus., Bull. No. 215,

p. 114-, pi. 26, figs. la-4.

Remarks: —Only a few specimens of this particularly high-

spired and large species of Globigerinoides have been observed in

the Pozon formation.

The occurrence of this species seems to be strongly influenced

by ecological conditions and to occur in faunas which are sug-

gestive of a deepwater environment.

The observed specimens appear to be typical and compare

well with those figured by both Todd and Bolli in spite of the

comparatively poor preservation and adherent matrix.

Hypotype: —From sample. No. RM 19507, auger line near

Pozon, eastern Falcon; Plate 13, figure 67, deposited in U.S.N.M.

collection, No. 626137

Occurrence: —Only observed in isolated samples from the

Globorotalia m-ayeri Zone (s.l.), Pozon formation.

Globiprerinoides obliqiia Bolli PI. 11. figs. 68a-b

Globigerinoides oblirjua Bolli, 1957, U.S. Nat. Mus., Bull., No. 215, p. 113. pi.

25, figs. 9a-10c
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Remarks: —This species is distinguished from the Globigeri-

noides triloba group by having the last, or last few, chambers

compressed in a lateral and oblique manner. Although Bolli (1957)

referred to his species as having a small umbilicus, there is a

general trend, in sediments above the Globorotalia mayeri/ Glob o-

rotalia lenguaensis Subzone, towards the coiling becoming more

lax and the umbilicus becoming larger. Also, concomitant with

this trend towards laxity of coiling, the chambers become increas-

ingly more separated.

A typical feature of this species is the elongate, although

arched, primary aperture.

Holoty-pe: —From sample No. RM 19444, auger line near

Pozon, eastern Falcon; Plate 11, figures 68a-b, deposited in U.S.N.M.

collection, No. 626041.

Occivrrence: —Ranges throughout the Poz6n-El Mene Road

section {Catapsydrax stainforthi Zone to Globigerina bulloides

Zone), Tocuyo and Pozon formations.

(aoMf-erinioides rubra (d'Orbigny) PI. 11, fig. 70; PI. 13, figs. 69a-b

Globhjninoides subquadrata Bronnimann, in Todd, Cloud, Low, and Schmidt,

1954, Amer. Jour. Sci., vol. 252, p. 680, pi. 1, fig. 5.

Globlgrrinoidrs rubra (d'Orbigny), Bolli, 1957, U.S. Nat. Mus., Bull., No.

215, p. 113, pi. 25, figs. 12a-13'b.

Rem-arks: —This species is distinguished by the position of the

primary and supplementary sutural apertures which are always

symmetrically placed above the suture between two earlier cham-

bers.

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; Plate 13, figures 69a-b, deposited in U.S.N.M.

collection, No. 626043. Plate 11, figure 70, from sample, No. RM
20131, deposited in U.S.N.M. collection. No. 626045.

Occurrence: —Ranges throughout all zones of the upper Tocuyo

and Pozon formations and is common to abundant below the lower

part of the Globorotalia mayeri /Globorotalia lengnaensis Subzone.

The species becomes scarce and has only been observed infrequently

in the upper part of the Globorotalia -rnay eri/ Globorot alia lengtmen-

sis Subzone and the Globorotalia rrvay eri/ Globigerina nepenthes
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Zone, but it becomes fairly frequent again in the Sphaeroidinella

seminuUna and the Globigerina bulloides Zones, Pozon formation.

Genus SPHAEROIDINELLA Cushman. 1927

Cushman erected this genus in 1927 with Sphaeroidina dehis-

cens Parker and Jones as the type species. However, the generic des-

cription of Cushman is somewhat misleading since he states "Test

in early stages like Globigerina with coarsely cancellate surface".

Cushman did not mention the characteristic thick and "polished"

wall of the adult. Sphaeroidinella dehiscens (Parker and Jones)

possesses a thick wall with a smooth outer surface which appears

rather glassy and "polished" in reflected light. The writer made

sections of Sphaeroidinella dehiscens dehiscens (Parker and Jones),

Sphaeroidinella dehiscens subdehiscens Blow, subsp. nov. and

Sphaeroidinella se77iinulina seminidina (Schwager) and found the

wall structure similar in each of these forms. The typical wall

structure is shown in the camera lucida drawing (PI. 12, fig. 72)

of a section of Sphaeroidinella dehiscens subdehiscens.

In thin section, the wall of Sphaeroidinella appears to be com-

posed of three layers:

(a) a thin external "cortex", (b) a thick middle layer, (c) a thm

inner layer (see fig. 72, PI. 12)

(a) External Cortex.

The actual structure of the outer cortex is difficult to determine

but, between crossed nicols, shows intereference colours of a lower

order than either the middle or innermost layer. It is thought that

this outer cortex may be lamellar in structure but it cannot be con-

sidered as "imperforate" since pores are present but are much re-

duced in size as compared with the pores present in the middle

and innermost layers. In reflected light this cortex appears hyaline

and smooth with a polished appearance.

The outer cortex also appears more liable to alteration and

solution than the other layers since it has been noticed that pyri-

tization and limonitization often affect the cortex but not the

inner layers. Further, the writer has noticed specimens in which the

cortex has been removed from a part of the test, so exposing the

middle layer which then appears very coarsely perforate. In Sphaer-

oidinella dehiscens subdehiscens Blow, subsp. nov., for a specimen
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0.35 mm. maximum dimension, this outer cortex (over the cham-

bers) is in the order of 0.005 mm. to 0.006 mm. thick as compared

with a total wall thickness of between 0.05 mm. and 0.06 mm. In the

apertural and sutural regions of the test the cortex becomes much
thicker (see fig. 72, PI. 12).

(b) Thick Middle haver.

This thick middle layer comprises most of the test wall and

is in the order of between 0.045 mm. and 0.055 mm. thick. The
structure of this layer appears to be coarsely radial with large

"bundles of fibres" arranged approximately at right-angles to the

test surfaces. The pores are large in this layer, being about 0.008

to 0.01 mm. in diameter but becoming, abruptly, much narrower at

the junction of the outer cortex and this layer. It also seems likely

that not all the pores present in this layer continue to the exterior

via the cortex. The large pores of this layer can be seen through

the glassy outer cortex in reflected light.

(c) Innermost Layer.

This layer also appears to be radial in structure but rather

finely so. The writer has not observed any significant difference

in the diameter of the pores within this layer and as seen in the

middle layer.

Spliaeroidiiiella dehisceiis (Parker and Jones)

The writer now considers that certain Miocene forms previously

referred to this species (Stainforth, 1948b; Weiss, 1955) should

be separated at subspecific-level from the Pliocene to Recent, typical

Sphaeroidinella dehiscens such as those figured by Wiseman and

Ovey (1950, pi. 3 fig. 4), Phleger, Parker, and Pierson (1953, pi.

2, fig. 19), and also Kane (1953, pi. 2, fig. 23). The writer is in-

debted to .Miss R. lodd (U. S. Geological Survey, Washington,

D.C. ) who sent specimens of Recent Sphaeroidinella dehiscens

from near Bikini Atoll, Marshall Islands. Following the examination

of this Recent material, as well as specimens from the Pliocene and

Pleistocene of Sicily, two subspecies of this form should be dis-

tinguished as Sphaeroidinella dehiscens dehisceris (Parker and

Jones) and Sphaeroidinella dehiscens suhdehiscens Blow, subsp. nov.
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Sphaeroidiiiella dehiscens dehiscens (Parker and Jones)

Spharroidlna hulloicirs d'Orbigny var. dehiscens Parker and Jones, 1865,

Roy. Soc. London, Phil. Trans., vol. 155, p. 369, pi. 19, figs. 5a-c {fide Ellis

and Messina 1940 ct seq.).

Remarks: —In Sphaeroidinella dehiscens dehiscens the test is

large with the chambers much embracmg and with httle external

trace of the sutures between the penultimate and earlier chambers.

The apertures are deep-set, elongate, with very strongly crenulate

margins. Furthermore, in typical specimens of this form a distinct

and well-marked supplementary aperture occurs in addition to the

primary umbilical aperture.

Sphaeroidinella dehiscens subdehiscens Blow, subsp. nov.

PL 12, figs. 71a-c, 72

Sphaeroidinella rutschi Cushman and Renz, Renz, 1948. {pars), Geol. Soc.

Amer., Mem. 32, p. 167, pi. X, fig. Ic (refigured paratyp'e), non figs, la-lb

refigured holotype).
Sphaeroidinella dehiscens Stainforth (non Parker and Jones), 1948, Jour

Pal., vol. 22, No. 2, p. 124, pi. 26, fig. 20.

Sphaeroidinella dehiscens Weiss, {non Parker and Jones), 1955, Micropal-
entology, vol. 1, p. 313, pi. 3, figs. 28-29.

Sphaeroidinella rutschi Cushman and Renz, BoUi, 1957, U. S. Nat. Mus.,

Bull., No. 215, p. 115, pi. 26, figs. 6a-7b.

Diagnosis of subspecies: —Test low trochospiral with three,

seldom with three and one half, chambers in the last whorl; cham-

bers, in general, rather embracing, sutures not depressed but usually

fairly distinct, especially the suture between the last and earlier

chambers; equatorial periphery slightly lobate with the test appear-

ing ovate in equatorial profile; axial periphery rounded; umbilicus

small or closed; aperture interiomarginal, umbilical, an elongate slit

or low arch, often with thickened and crenulate margins composed

essentially of a thickening of the outer cortex; wall calcareous,

thick, composed of an outer cortex and a thick inner part which is

radial in structure; inner part coarsely perforate, outer part smooth

and glassy in reflected light; maximum diameter of holotype, 0.50

mm.

Remarks: —This subspecies is distinguished from Sphaeroidi-

nella dehiscens dehiscens (Parker and Jones) by its less embracing

chambers, more distinctive sutures, less deeply set aperture, ab-

sence of supplementary apertures, a slightly more lobate equa-
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torial peripheiN- and a generally smaller overall test size. It is inter-

esting to observe that C. D. Redmond ( in Stainforth, 1948b, p. 124)

recorded this form from the Miocene of Colombia, but did not re-

gard it as typical Sphaeroidinello dehiscens dehiscens.

Recently, the writer observed this subspecies in Sicily where,

m the uppermost Miocene basal Pliocene, transitional forms to

SphaeroidineUa dehiscetis dehiscens occur. Transitional forms from

Sphaeroidinella seminulina seminulina (Schwager) (PI. 12, fig. 7?))

occur in the uppermost part of the Globorotalia fohsi robusta Zone

both in Trinidad and eastern Falcon.

Holotype: —From sample, No. RM 19514, auger line near

Pozon, eastern Falcon; Plate 12, figures 71a-c, deposited in U.S.N.M.

collection No. 625705.

Occurrence: —Ranges from the uppermost part of the Globoro-

taiia fohsi robusta Zone to the Globigerina bidloides Zone, Pozon

formation.

Sphaeroidinella seminulina (Schwager)

The type illustrated by Schwager (1866, p. 256, pi. 7, fig. 112,

iide Fills and Messina, 1940, et seq.) shows a form with the last

chamber distinctly smaller than the penultimate and third chambers

combined whereas in Sphaeroidinella dehiscens subdehiscens Blow,

subsp. nov. the last chamber is approximately equal to the penulti-

mate and third chambers combined. The aperture of Schwager's

type IS almost symmetrically placed with respect to the suture

between the penultimate and third chamber, restricted to the

umbilical region, not greatly elongated and without distinctly cren-

ulate margins. It is possible, judging from Schwager's illustration,

that the aperture of his form is lipped whilst the sutures seem to be

fairly well marked.

Some apparently primitive forms have been observed from the

Globigerinatella insueta Zone (s.l.) (PI. 12, figs. 74, 75) which

appear close indeed to Schwager's type. The features of importance,

separating these primitive forms from Sphaeroidinella dehiscens sub-

dehiscens, seem to be the rather open and less narrow aperture, ab-

sence of distinct crenulate margins and the less embracing chambers.
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Further, the aperture in Schwager's type is more nearly restricted to

the umbihcal area and is not an elongate, rather slitlike opening ex-

tending greatly along the suture between the last and earlier cham-

bers as it is in Sphaeroidinella dehiscens subdehiscens.

The Sphaeroidinella seminulinaSphaeroidinella dehiscens group

is complex and still requires further work, but at present the writer

feels justified in recognizing two subspecies of Sphaeroidinella semi-

nulina although further subdivision of this species may prove to be

necessary.

Sphaeroidinella seminuliiia seminulina (Schwager)
PI. 12, figs. 74, 75, 76, 77a-c

Globigerina smtinulina Schwager, 1866, Geo!. Theil, Bd. 2, Abt. 2, p. 256,

pi. 7, fig. 112 {fide Ellis and Messina, 1940 ct. seq.).

Globigerina seminulina Schwager, LeRoy, 1941, Colorado School Mines,

Quart, vol. 36, No. 1, pt. 1, p. 44, pi. 3, fig. 108.

Sphaeroidinella grimsdalei (Keijzer), Belli, 1957 (pars), U.S. Nat. Mus.,
Bull., No. 215, p. 114, pi. 26, figs. 8-11, non figs. 12a-c.

Remarks: —Within the plexus now assigned to this subspecies

two generalized groupings can be distinguished. The first "group"

is centered around forms similar to that illustrated in figure 75, Plate

12, with forms similar to those illustrated in figures 74 and 76, Plate

12 forming the extremes of variation. The second "group" is cen-

tered around forms similar to that illustrated in figures 77a-c but

also shows gradation to Sphaeroidinella seminuina kochi (Caudri).

In the Globigerinatella insueta Zone (s.l.) and in the Globoro-

talia fohsi barisanensis Zone the first "group" predommates but

does contmue to the Sphaeroidinella seminulina Zone. Above the

Globorotalia fohsi barisanensis Zone the second "group" predomin-

ates and in the basal part of the Globorotalia fohsi lobata Zone

forms transitional to Sphaeroidinella seminulina kochi appear.

Whilst Sphaeroidinella seminulina kochi can be considered as quite

distinctive with a markedly different stratigraphical range, the

two "groups" of Sphaeroidinella seminulina semimdina recognized

here seem to form a closely interwoven evolving plexus, and the

writer does not feel fully justified in making any further taxonomic

subdivision. However the second "group" (figures 77a-c, PI. 12) is
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similar to LeRo^^'s S-phaeroidinella multiloba (LeRoy, 1944, pt. 2,

p. 91, pi. 4, figs. 7-9) and further work ma}' allow recognition of

LeRoy's type as a distinct subspecies of Sphaeroidinella seminulina

(Schwager). In this connection it is useful to point out that LeRoy

( 1944, p. 91) stated that his type might "represent a more matured

phase of Globigerina seminulina Schwager". Bolh (1957, p. 114)

pointed out that during the course of evolution the tests of this

species tend to become larger and the last whorl may consist of

three or four chambers. However, the forms mentioned by Bolh as

having five or six chambers are now referred to Sphaeroidinella

seminvlina kochi. In addition to the trends noted by Bolli, there

seems to be a further trend wherein the chambers become more

inflated and better separated whilst the coiling becomes more lax.

It IS emphasized, however, that both "groups" are present in sedi-

ments above the Globorotalia johsi barisanensis Zone and that

Sphaeroidinella dehiscens snbdehiscens Blow, subsp. nov. appears

to develop from the first "group" in the uppermost part of the

Globorotalia johsi robusta Zone. Figure JZ, Plate 12, illustrates a

form which appears to be transitional between the two forms.

Hypotype: —From sample. No. RM 19820, auger line near

Pozon, eastern Falcon; Plate 12, figures 77a-c, deposited in U.S.N.M.

collection. No. 625727. (Other illustrated specimens also deposited

in U.S.N.M.)

Occurrence: —Ranges from the upper part of the Globigerina-

tella insueta Globigerinoides triloba Subzone to the top of the

Sphaeroidinella- seminulina Zone, Tocuvo and Pozon formations.

Sphaeroidinella seminulina kochi (Caudri) PI. 12, figs. 78. 79

Glohigrr'ma sp. Koch, 1923, Bericht. Schweiz. Pal. Ges., vol. 18, p. 355, text-

figs. 8a-b (fidr Ellis and Messina, 1940 et scq.).

Gloh'igrrina kochi Caudri, 1934, "Tertiary deposits of Soemba", p. 144. (fide

Ellis and Messina, 1940 rl scq.).

Sphaeroidinella kochi (Caudri), Giaessner, 1943, Roy. Soc. Victoria, Proc,
vol. 55 (new ser.), pt. 1, p. 69 (list).

Sphaeroidinella grimsdalri (Keijzer), Bolli, 1957 (pars), U.S. Nat. Mus.
Bull. 215, p. 114, pi. 26, figs. 12a-c, non figs. 8-11.

Re^nM-rks: —This subspecies is distinguished from Sphaeroid-

inella s'eminidiyw seminulina (Schwager) by having five or six
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(occasionally seven) chambers in the last whorl, a more open

umbilicus, a fairly strongly arched aperture and well-separated

chambers which tend to be distinctly elongated radially. The test

wall in this subspecies tends to be less thick but appears to be com-

posed of the three layers discussed previously.

Hypotype: —From sample. No. RM 19507, auger line near

Pozon, eastern Falcon; Plate 12, figure 79, deposited in U.S.N.M.

collection. No. 625729. Figure 78, deposited in U.S.N.M. collection.

No. 626046.

Occurrence: —Ranges from the lower part of the Globorotalia

fohsi lobata Zone to the upper part of the Sphaeroidinella seminu-

lina Zone, Pozcn formation.

Subfamily OKBl'LINDfAE

Genus BIORBULINA Blow, 1956

In this genus the penultimate (not the ultimate) chamber

embraces the earlier part of the test whilst at least some of the

apertures are areal.

Biorbulina bilobata (d'Orblgny) PI. 13, figs. 80, 81

Globigcrina bilobata d'Orbigny, 1846, Foraminiferes fossiles du bassin
tertiaire de Vienne (Autriche), p. 164, pi. 9, figs. 11-14, {fide Ellis and
Messina, 1940 ct seq.).

Biorbulina bilobata (d'Orbigny), Blow, 1956, Micropaieontology, vol. 2, No.

1, p. 69, text-fig. 2, no. 16.

Hypotype: —From sample. No. RM 19304, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626047.

(Figures 80, 81, Plate 13, reproduced from Blow, 1956, text-fig. 2,

No. 16, and text-fig. 3, respectively).

Occurrence: —Ranges from the upper part of the Globigerin-

atella insueta/Globigerinoides bispherica Subzone to the Globiger-

ina bulloides Zone, Pozon formation.

Genus ORBULIJVA d'Orbigny, 1839

Blow (1956) emended the original diagnosis of Orbxdina to

include only those forms in which the last chamber either com-
pletely or almost completely embraces the earlier part of the test

and where, at least, some of the apertural pores are areal in position.
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Orbniina suturalis Bronnimann PI- 13. figs. 82a-b

Orbulina suturalis Bronnimann. 1951 {pars), Cushman Found. Foram. Res.,

Contr., vol. 2, pt. 4, p. 135, text-fig. 2, Nos. 1-2, 5-8, 10; text-fig. 3, nos.

3-8 11, 13-16, 18, 20-22; text-fig. 4, Nos. 2-4, 7-12, 15-16, 19-22.

Orbulina suturalis Bronnimann, Blow, 1956, Micropaleontology, vol. 2, No.

Orbulina jJ/?ra/f Bronnimann, BoUi, 1957. U. S. Nat. Mus., Bull., No. 215,

p. 115, pi. 27, fig. 4.

Remarks:— Iht last chamber does not quite completely en-

velop all the earlier chambers and some of the apertural pores may

still be in the sutural positions.

Hypotype:—Fvom sample, No. RM 19304, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626048.

(Figures 82a-b, Plate 13, reproduced from Blow, 1956, text-fig.

2, Nos. 6-7.)

Occurrence: —Ranges from the uppermost part of the Globig-

inatella insueta/Glohigerinoides bisph erica Subzone to the Glohig-

erina bulloicles Zone, Pozon formation.

Orbulina universa d'Orbigny PI- 13, fig. 83

Orbulina universa d'Orbigny, 1839, "Foraminiferes", in de la Sagra Histoire

physique, politique et naturelle A-e 1 Tie de Cuba, p. 2, pi. 1, fig. 1 [ftde

Ellis and Messina, 1940 ct scq.).

Orbulina universa d'Orbigny, Blow, 1956, Micropaleontology, vol. 2, No.

1, p. 66, text-fig. 2, Nos. 8-9.

Reyy\arks:—\n this species the last chamber completely en-

velops the earlier part of the test. The apertures are distributed

irregularly over the area of the last chamber, but in some advanced

forms the apertural pores seem to be absent and the minute per-

forations then appear to take over the functions of the apertural

pores.

Hy polype :—Worn sample. No. RM 19304, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 626049.

(Figure 83, Plate 13, reproduced from Blow, 1956, text-fig. 2, No. 9.)

Occurrence: —Ranges from the uppermost part of the Globi-

gerinatella insueta/Globigerinoides bispherica Subzone to the Globi-

gerina bulloides Zone, Pozon formation.

Genus rORTK'lILASPHAEKA Bolli, Loeblich, and Tappan, 1957

The type species of this genus is the short-lived middle Eocene
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form Glohigerina mexicana Cushman but the generic definition

given by Bolli, Loeblich, and Tappan ( 1957) also seems to fit the

species previously described by the writer (Blow, 1956) as Globi-

gerinoides glomerosa and Globigervnoides transitoria. These species

are short-lived Miocene forms and there is no genetic relationship

with the middle Eocene Porticidasphaera mexicana (Cushman).

Bolli (1957, p. 115) remarked that it may be expected that further

comparative studies will reveal morphological differences which may
allow the distinction of the species named by the writer as a sep-

arate genus. In this connection the validity of Candorbulina Jed-

litschka, 1934 needs further investigation.

The writer agrees with Bolli (1957) that "glomerosa" and

"transitoria" should be removed from the genus Globigerinoides

Cushman, 1927, since they do not have a distinct primary umbilical

aperture or open umbilicus in the adult. Further, these species can-

not be included in the genera Orbulina d'Orbigny, 1839 or Bior-

bulina Blow, 1956 since none of the apertures are areal in position

but are all confined to the sutures.

The forms described below are considered ancestral to Orbulina

and Biorbulina and reference is made to Blow (1956) for descrip-

tion of species and subspecies as well as a discussion of evolutionary'

trends.

Portioiilasphaera glomerosa (Blow)

Porticulasphaera g'loinerosa curva (Blow) PI. 13, figs. 84a-b

Globigerinoides glomerosa curva Blow, 1956, Micropaleontology, vol. 2, No.

1, p. 64, text-fig. 1, Nos. 9-14.

Porticulasphaera glomerosa curva (Blow), Bolli, 1957, U.S. Nat. Mus., Bull.

No. 215, p. 115, pi. 27, fig. 7.

Remarks: —This subspecies shows the last chamber embracing

between 40 and 70 percent of the earlier test and with four to

eight slitlike apertures present in the suture between the last and

earlier chambers.

Hypoty-pe: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626050.

(Figures 84a-b, Plate 13, holotype, reproduced from Blow, 1956,

text-fig. 1, Nos. 10, 11.)

Occurrence: —Ranges from the middle part of the Globigerin-
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atella insueta, Globigerinoides bispherica Subzone to the basal part

of the Globorotalia fohsi barisanensis Zone, Pozon formation.

rorticulasphnera ^'loiiierosii. g'loinerosa (Blow) PI. 14, figs. 85a-b

Glob'tgerinouirs glomrrosa glomfvosa Blow, 1956, Mirropaleoiitology, vol.

2, No. 1, p. 65, text-fig. 1, Nos. 15-19; text-fig. 2, Nov 1-2.

Porticulasphacra glomrrosa ylomerosa (Blow), Bojli, 1957, U.S. Nat. Miis.,

Bull., No. 215, p. 115, pi. 27, fig. 8.

Remarks: —This subspecies shows the hist chamber embracing

more than 7S percent of the earher test and with numerous shthke

( not rounded ) apertures in the suture between the last and earlier

chambers.

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626051.

(Figures 85a-b, Plate 14, holotype, reproduced from Blow, 1956,

text-fig. 1, Nos. 18-19.)

Occurrence: —Ranges from the upper part of the Globigerin-

atella insueta /Glohigerinoides bispherica Subzone to the basal part

of the Globorotalia fohsi barisanensis Zone, Pozon formation.

Porticulasphaora glomerosa circularis (Blow) PI. 14, figs. 86a-b

Glob'ujcrinoidcs glomrrosa cirrultiris Blow, 1956, Micropalt-oiitologv, vol. 2,

No. 1, p. 65, text-fig. 2, Nos. 3, 4.

Porticulasphana glomerosa circulaiis (Blow), Bolli, 1957. U.S. Nat. Miis.,

Bull., No. 215, p. 115, pi. 27, fig. 2.

Remarks: —This form differs from Orbulina suturalis Bronni-

mann in that all the apertural pores are confined to the sutural

positions.

Hypotype: —From sample. No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 626052.

(Figures 86a-b, Plate 14, holotype, reproduced from Blow, 1956,

text-fig. 2, Nos. 3, 4.)

Occurrence: —Ranges from the upper part of the Globigerina-

tella insuefta/Globigerinoides bispherica Subzone to the middle part

of the Globorotalia fohsi barisane^isis Zone, Pozon formation.

P<»rtiriilas|)ha<'rsi transitoria (Blow) PI. 14, figs. 87a-b

GlobigrrhiijiJcs transitoria Blow, 1956, Micropaleontology, vol. 2, No. 1, p.

65, text-fig. 2, Nos. 12-15.

Porticulaspharra transitoria (Blow), Bolli, 1957, U.S. Nat. Mus., Bull., No.

215, p. 115, pi. 27, fig. 3.
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Remarks: —This species differs from Porticulasphaera glomerosa

(Blow) in that it is the penultimate chamber which embraces the

earlier test and not the ultimate chamber as m Porticulasphaera

glomerosa. The apertures are short discrete slits confined to the

sutural positions.

Hypotype: —From sample. No. RM 19280, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626053.

(Figures 87a-b, Plate 14, holotype, reproduced from Blow, 1956,

text-fig. 2, Nos. 12, 13.)

Occurrence: —Ranges from the middle to the upper part of the

Globigerinatella insueta/Globigerinoides bispherica Subzone, Pozon

formation.

Subfamily CATAPSYDRACOAE

Genus CATAPSYDRAXBolli, Loeblich, and Tappan, 1957

This genus shows a characteristic bulla which covers the

primary aperture and the umbilical part of the test. The infralam-

inal apertures are large and unrestricted, but sometimes have thin

lips or thickened margins.

Catapsydrax dissimilis (Cushman and Bermudez) PI. 12, figs. 88a-c, 89, 90

Globigerlna d'usimilis Cushman and Bermudez, 1937, Cushman Lab. Foram.

Res., Contr., vol. 13, pt. 1, p. 25, pi. 3, figs. 4-6 (i'ldc Ellis and Messina,
1940 et seq.).

Catapsydrax dissitnilis (Cushman and Bermudez), Bolli, Loeblich, and
Tappan, 1957, U.S. Nat. Mus., Bull. No. 215, p. 36, pi. 7, figs. 6-8.

Catapsydrax dissirnilis (Cushman and Bermudez), Bolli, 1957, U.S. Nat.

Mus., Bull., No. 215, p. 116.

Remarks: —This species shows a bulla of variable size, normally

with three infralaminal apertures. One such aperture occurs at one

end of the bulla, the two others at the other end; the margins sur-

rounding these infralaminal apertures are normally thickened. The

chambers are generally inflated.

Hypotype: —From sample. No. RM 19117, auger line near

Pozon, eastern Falcon; Plate 12, figures 88a-c, deposited in U.S.N.M.

collection, No. 626054. Other figured specimens also deposited in

U.S. National Museum.

Occurrence: —Ranges from the base of the Poz6n-El Mene
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Road section to the top of the Catapsydrax stainjorthi Zone, To-

cuyo formation.

Catapsydrax stainforthi Bolli, Loeblich, and Tappan
PI. 14, figs. 91a-c, 92, 93

Catapsydrax stainforthi Bolli, Loeblich, and Tappan, 1957, U.S. Nat. Mus.,
Bull. No. 215, p. 37, pi. 7, figs, lla-c.

Catapsydrax stainforthi Bolli, Loeblich. and Tappan, Bolli, 1957, U.S. Nat.
Mus., Bull. No. 215, p. 116.

Remarks: —This species typically shows four moderately in-

flated chambers in the last whorl; the bulla then has four infralam-

mal apertures supported on tubelike extensions of the bulla along the

sutural depressions between the primary chambers. The infralaminal

apertures have small but distinctive lips. Occasionally five pri-

mary chambers occur in the last whorl; in these cases (figure 93,

Plate 14), the bulla shows a corresponding number of infralaminal

apertures.

Hypotype: —From sample. No. RM 19152, auger line near

Pozon, eastern Falcon; Plate 14, figures 91a-c, deposited in U.S.N.M.

collection, No. 626056. Other figured specimens deposited in U.S.

National Museum.

Occurrence: —Ranges from the base of the Poz6n-El Mene
Road section {Catapsydrax stainforthi Zone) almost to the top of

the Globigerinatella- insueta/Globigerinoides triloba Subzone, To-

cuyo formation.

Catapsydrax unicavus Bolli, Loeblich, and Tappan PI. 15, figs. 94a-c

Catapsydrax unicavus Bolli, Loeblich, and Tappan, 1957, U.S. Nat. Mus.,
Bull. No. 215, p. 37, pi. 7, figs. 9a-c.

Catapsydrax unicavus Bolli, Loeblich, and Tappan, Bolli, 1957, U.S. Nat.

Mus., Bull. No. 215, p. 116.

Remarks: —This species shows a single infralaminal aperture,

the peripheral part of the bulla being closed. The chambers are

depressed and rather more embracing than in Catapsydrax dissimilis

(Cushman and Bermudez).

Hypotype: —From sample. No. RM 19117, auger line near

Pozon, eastern Falcon; Plate 15, figures 94a-c, deposited in U.S.N.M.

collection. No. 626058.

Occurrence: —Ranges from the base of the Poz6n-El Mene
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Road section to the top of the Catapsydrax stainjorthi Zone, To-

cuyo formation.

Genus GLOBIGERINATELLA Cushman and Stainforth, 1945

Globig-erinatella iiisneta Cushman and Stainforth
PI. 15, figs. 95, 96, 97, 98

Globigcrinatclla insucta Cushman and Stainforth, 1945, Cushman Lab. Foram.
Res., Spec. Pubi. 14, p. 69, pi. 13, figs. 7-9.

Globigcrinatclla insucta Cushman and Stainforth, Bronnimann, 1950, Cush-

man Found. Foram. Res., Contr., vol. 1, pts. 3-4, pp. 80-82, pi. 13, figs.

1-12; pi. 14, figs. 1-13.

Ronarks: —Reference is made to the remarks regarding the

possible origin of this monotypic genus and to Bronnimann (1950)

who has discussed the morphology of this species in detail.

In addition to the morphological types described by Bronni-

mann (1950), some specimens of this form show what appears to

be a large "primary bulla" which has areal and/or infralaminal

apertures; these in turn may be covered by "pustule-like" or

"collar-like" secondary bullae.

Figure 97, Plate 15, illustrates a form with uncovered areal

apertures in the primary bulla but also havmg "secondary bullae"

covering the infralaminal apertures along the contact suture of the

"primary bulla" and the true primary chambers. Figure 98 illus-

trates a form with "areal pustules" ("secondary bullae") covering

the areal apertures of the large primary bulla. This form also has

"collar-like" secondary bullae covering the infralaminal apertures of

the primary bullae; these collar-like secondary bullae also extend

along the sutures of the true primary chambers.

It is not always readily apparent whether or not the "final

chamber" should be considered as a bulla or a true primary

chamber since areal apertures also occur in the primary chambers

of earlier ontogenetic stages (see figure 96, Plate 15; also Bronni-

mann, 1950); but the wall structure of the "final chamber" in

some specimens suggest that they are, in fact, large and much in-

flated bullae.

Hypotype: —From sample. No. RM 19188, auger line near

Pozon, eastern Falcon; Plate 15, figure 98, deposited in U.S.N.M.

collection, No. 626059. Figure 95, Plate 15, from sample, No. RM
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19117, also deposited in U.S.N.M. collection, No. 626061.

Occurrence: —Ranges from the base of the Catapsydrax

stainforthi Zone to the top of the GlohigerinateUa insueta/Globig-

erinoides bispherica Subzone, Tocuyo and Pozon formations.

Genus (iLOBIGEKINITA Bronnimann, 1951

Globigrerinita napariiiiaeiisis Bronnimann

(ilohlprerinlta iiapariniaeii»>is iiapiirimaensis Bronnimann PI. 15, figs. 99a-c

Globigcrinita Ttaparimacnsis Bronnimann, 1951, Cushman Found. Foram. Res.,

Contr., vol. II, pt. 1, p. 18, text-figs. 1-14.

Remarks: —Globigerinita naparimaensis naparimaensis is dis-

tinguished from Globigerinita naparimaensis i7icrusta (Akers) by

its possession of infralaminal apertures along the contact suture

of the bulla with the primary chambers as well as its having

infralaminal apertures in line with the sutures of the primary cham-

bers. The bulla of this subspecies is more inflated and often em-

braces more of the primary chambers than in Globigerinita napari-

maensis incrusta.

Hypotype: —From sample. No. RM 19304, auger line near

Pozon, eastern Falcon; Plate 15, figures 99a-c, deposited in U.S.N.M.

collection. No. 626062.

Occurrence: —Ranges from the Catapsydrax stainforthi Zone to

the top of the Sphaeroidinella seininidina Zone, Tocuyo and Pozon

formations.

Globig-prinita napariniaensis incrusta (Akers) PI. 15, figs. 100, 101

Globigerinita irurusta, Aicers, 1955, Jour. Pal., vol. 29, No. 4, p. 655, pi. 65,

figs. 2a-2d.

Remarks: —Aker's species is regarded as being closely related

to Globigeritiita 7iaparimaensis Bronnimann, and since there appears

to be complete gradation between the two forms, it is considered

that Aker's type is best placed as a subspecies of Globigerinita

napariviaensis.

During the examination of the samples from the Poz6n-El

Mene Road section it was found that samples from a particular

but fairly short interval often had a predominance of either Glo-

bigerinita napariynacnsis yiaparimaensis or Globigerinita naparimaen-
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sis incrusta with a corresponding reduction in the prevalence of the

other subspecies. This relative abundance is then often reversed in

succeeding or preceding intervals. Furthermore, some intervals show

forms apparently transitional from Globigerina juvenilis Bolli to

Globigerinita naparim<iensis incrusta but in other mtervals these

transitional form are either absent or scarce. From these observa-

tions it may be considered that a repetitive and heterochronous deri-

vation of Globigerinita seems likely (see Text-fig. 4).

Globigerinita naparimaensis incrusta is distinguished from Glo-

bigerinita naparimaensis naparimaensis by the absence of mfralam-

inal apertures not in line with the sutures of the primary chambers,

a less inflated and embracing bulla which sometmies shows short

tubelike extensions along the sutures of the primary chambers. This

subspecies has a generally smaller overall test size.

Figure 101, Plate 15, illustrates a form which appears tran-

sitional to Globigerina juvenilis where it seems that the apertural

lip of this latter species has become attached to the ventral surface

of the opposing chamber. It seems that the distinction between Glo-

bigerinita and Globigerina juvenilis is best made where the "aper-

tural lip" shows definite attachment to the opposing chamber and

the ends of the bulla so-formed are restricted.

Hypotype: —From sample. No. RM 19285, auger line near

Pozon, eastern Falcon; Plate No., figure 100, deposited in U.S.N.M.

collection. No. 625723. (Figure 101, Plate 15, from same sample,

also deposited in U.S.N.M. collection.)

Occurrence: —Ranges from the Catapsydrax stainforthi Zone to

the lower part of the Sphaeroiclinella seminulina Zone, Tocuyo and

Pozon formations.

Genus GLOBIGERIIVOITA Bronnimann, 1952

Globigerinoita monigaensis Bronnimann PI. 15, figs. 102a-c

Globigerinoita morugaensls Bronnimann, 1952, Cushman Found. Foram. Res.,

Contr., vol. Ill, pt. 1, p. 26, text-fij;;. 1, figs, a-m ; text-fig. 2, figs. a-h.

Globigerinoita morugacnsis Bronnimann, Bolli, 1957, U.S. Nat. Mus., Bull.,

No. 215, p. 116.

Hypotype: —From sample, No. RM 19697, auger line near

Pozon, eastern Falcon; Plate 15, figures 102a-c, deposited in

U.S.N.M. collection. No. 626064.
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Occurrence: —Ranges from the middle part of the Globorotalia

in-ayeri/Globorotalici lenguaensis Subzone to the middle part of the

Globorotalia menardii menardii/Globigerina nepenthes Zone, Pozon

formation.

Genus GLOBOROTALOIDESBolli. 1957

This genus shows a Globorotalia-Wke early stage which is fol-

lowed by a Globigerina-Vike intermediate stage and a fmal Catap-

sydrax-lWae stage wherein a bulla-like chamber partly or completely

covers the umbilical part of the earlier test. It appears that the

mtermediatje stage may be omitted in some cases and the early

Globorotalia-Wke stage is followed immediately by the stage with

the bulla-like final chamber.

Ulobonttiiloides variabilis Bolli PI. 16, figs. 103 a-c, 104, 105

GloborotaloiJes variabilis Bolli, 1957, U.S. Nat. Mus., Bull., No. 215, p.

117, pi. 27, figs. 15a-20c.

Remarks: —The specimens illustrated in figures 104 and 105,

Plate 16, and showing the Globigerina-Wke and Globorotalia-Wke

stages respectively, were dissected (Blow, 1955) from forms similar

to that illustrated in figures 103a-c, Plate 16, and possessing a

bulla-like final chamber.

Hypotype: —From sample, No. RM 19697, auger line near Po-

zon, eastern Falcon; Plate 16, figures 103a-c, deposited in U.S.N.M.

collection. No. 626066. ( Figures 104, 105, Plate 16, also deposited in

U.S.N.M. collection.)

Occurrence: —Typical specimens range from the middle part

the Globigerinatella insueta/Globigerinoides bispherica Subzone to

the middle part of the Sphaeroidinella seminulina Zone, Pozon form-

ation. Occasional immature and poorly preserved forms occur in the

Catapsydrax stainforthi Zone and in the Globigerinatella insueta/

Globigerinoides triloba Subzone, which are only tentatively referred

to this species but which may possibly be referable to Globoro-

taloides suteri Bolli.

Family (iLOBOHOTALIIDAE

Subfamily OLOIJOHOTALIIHAE
Genus (iLOROKOTAlJA ("ushman, 1927

(Globorotalia acostacnsiN Blow, sp. nov. Pi. 17, figs. 106a-c, 107

fGlobigerina dutcrtrci Wiseman and Ovey (uon d'Orbigny), 1950, Geo!.
Assoc, Froc, vol. 61, p. 65, pi. 2, figs. la-c.
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Diagnosis of species: —Test low trochospiral; spire opening

regularly but fairly rapidly, with 11-13 chambers composing the

spire, usually with 5-6 chambers in the last whorl. Equatorial periph-

ery strongly lobate, with the test appearing subcircular in equatorial

profile; axial periphery rounded with the test appearing thick and

parallel-sided in side view; chambers ovate or subspherical, gener-

ally inflated but not well separated; often the last chamber is much

reduced in size compared with its predecessor, and it also occasional-

ly becomes somewhat displaced towards the umbilical side (fig.

107, PI. 17). Spiral side slightly convex, almost flat, or occasionally

slightly concave due to the inflated nature of the chambers of the

last whorl. Umbilical side generally slightly convex, with a small

but usually deep umbilicus; sutures of the spiral and umbilical sides

radial, depressed; aperture interiomargmal, umbihcal-extraumbihcal,

arched, with a distinctive lip. Maximum diameter of holotype,

0.36 mm.

Remarks: —This form differs from Globorotalia mayeri Cush-

man and EUisor in having more inflated chambers, a thicker test,

completely radial sutures, a more distinctive apertural hp, and a

more rapidly opening spire. It differs from Globorotalia opima con-

tinuosa Blow, subsp. nov. in having more numerous and more in-

flated chambers in the last whorl, although transitional forms occur

in the Globorotalia menardii menardii/Globigerina nepenthes Zone

(lower part). It diflPers from Globigerina dutertrei d'Orbigny in

having less globular and less well-separated chambers. The aperture

of Globigerifia dutertrei appears to be umbilical only in D'Orbigny's

figures. The specimen figured by Wiseman and Ovey as Globigerina

dutertrei (1950, pi. 2, figs, la-c) shows an interiomarginal, umbili-

cal-extraumbilical aperture with a distinct lip, and the writer be-

lieves this specimen to be identical with Globorotalia acostaensis.

Globorotalia acostaensis first appears after the extinction of

Globorotalia 7nayeri.

Holotype: —From sample. No. RM 19791, auger line near

Pozon, eastern Falcon; Plate 17, figures 106 a-c, deposited in

U.S.N.M. collection, 625707.

Occurrence: —Ranges from the Globorotalia Tnenardii men-
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ardii/Globigenna nepeyithes Zone to the Globigerina buUoides Zone,

Pozon formation.

Globorotalia blmag'eae Blow, sp. nov. PI. 17, figs. 108a-c

Diagnosis of species: —Test low trochospiral; spire opening

regularly but fairly slowly, with usually six chambers in the last

whorl; equatorial profile almost circular; equatorial periphery

slightly lobate; axial periphery rounded, with the test appearing

rather parallel-sided in side view; chambers slightly elongated

tangentially as viewed from the spiral side, not inflated, but us-

ually embracing; last chamber often smaller than its predecessor;

spiral side flat to slightly convex; umbilical side slightly convex;

sutures of the spiral side curved, slightly depressed; sutures of the

umbilical side radial, slightly depressed, sometimes rather indis-

tinct; umbilicus, small, often completely closed; aperture slithke

with a distinctive lip, interiomarginal, umbilical-extraumbihcal;

wall calcareous, finely perforate; maximum diameter of holotype,

0.22 mm.

Remarks: —This species differs from Globorotalia kugleri Bolli

in having less deeply incised sutures, rather tangentially elongated

chambers, a closed or almost closed umbilicus, fewer chambers in

the last whorl, and a less highly arched aperture which has a more

distinctive lip. It differs from Goborotalia mayeri Cushman and

Ellisor in being consistently much smaller in size, in the closed

(or almost closed) umbilicus, and also in having slightly more

tangentially elongated chambers as seen from the spiral side. It

differs from Globorotalia opima continuosa Blow, subsp. nov. in

having more chambers in the last whorl. It also differs from Glo-

borotalia fohsi barisanensis (LeRoy) in having a more circular

outline and a less convex (not vaulted) umbilical side.

The species is named after Miss G. N. Birnage, Librarian of

the Palaeontological Department, The British Petroleum Company
Limited, London, in recognition of her assistance in compiling this

work.

Holotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; Plate 17, figures 108a-c, deposited in

U.S.N.M. collection. No. 625709.
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Occurrence; —Ranges from the uppermost part of the Globig-

erinatella insueta/Globigerinoides triloba Subzone to the basal part

of the Globorotalia fohsi barisanensis Zone, Tocuyo and Pozon

formations.

(iloborotalia cf. canariensis (d'Orbigny) PI. 17, figs. 109a-c

cf. Rotalina canarirnsis d'Orbigny, 1839, Foraminiferes des Ties Canaries, in

Barker-Webb and Bertheiot, Hist. nat. des lies Canaries, vol. 2", pt. 2,

(Zool.), p. 130, pi. 1, figs. 34-36. {Fidr Ellis and Messina, 1940 et seq.).

Remarks: —In the upper part of the Globorotalia vienardii

menardii/Glohigerina nepenthes Zone some forms which otherwise

closely resemble Globorotalia scitula scitida (Brady) develop thin

but distinctive keels. These forms are tentatively referred to

D'Orbigny's species, which is described as being depressed and

carinate throughout. Concomitant with the development of the

keel, the test appears to become rather more depressed than in

typical Globorotalia scitula scitula. However, the writer's speci-

mens are small compared wtih Recent specimens of Globorotalia

canariensis (d'Orbigny) and are generally less lobate. No forms

referable to the species described by D'Orbigny have been ob-

served by the writer below the Globorotalia menardii menardii/Glo-

bigerina nepenthes Zone, and it is possible that the writer's speci-

mens may represent early forms of typical Globorotalia canariensis.

Maximum diameter observed, 0.27 mm.

Hypotype: —From sample. No. RM 19804, auger line near

Pozon, eastern Falcon; Plate 17, figures 109a-c, deposited in

U.S.N.M. collection. No. 626068.

Occurrence: —Scarce and only observed from the uppermost

part of the Globorotalia menardii tn-enardii/Globigerina nepenthes

Zone to the Globigerina bulloides Zone, Pozon formation.

Globorotalia fohsi Cushman and E'llisor

Reference is made to the work of BoUi (1950) for a description

of the subspecies and also for a complete discussion of the evolu-

tionary inter-relationship between the various subspecies.
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Globorotalia fohsi l>arisanensis (LeRoy) PI. 17, figs. 110, llla-c

Glohorotalia barisanrnsls LeRoy, 1939, \atuurk. Tijdschr. Nederl, Indie,

vol. 99, pt. 6, p. 265, pi. 1, figs. 8-10 (fide Ellis and Messina, 1940 et seq.).

Globorotalia fohsi barisanrnsis LeRoy, Bolli, 1950, Cushman Found. Foram.
Res., Contr., vol. 1, pts. 3 and 4, p. 88, pi. 15, figs. 6a-c.

Globorotalia fohsi barisanrnsis LeRov, Bolli, 1957, U. S. Nat. Miis., Bull.

No. 215, p. 119, pi. 28, figs. 8a-c.

Remarks: —Within the Catapsydrax stainjorthi Zone and in

the Globigerinatella insueta Zone {s.l.) this subspecies shows a

generally lobate equatorial periphery, and has fairly deeply in-

cised sutures on the spiral side (PI. 17, fig. 110). In the Globoro-

talia fohsi harisanensis Zone it has a less lobate periphery, less

deeply incised sutures, and a more definitely vaulted umbilical

side.

Hypotype: —From sample, No. RM 19304, auger line near

Pozon, eastern Falcon; Plate 17, figures llla-c, deposited in

U.S.N.M. collection, No. 626069. Figure 110, Plate 17 from sample

No. RM 19188, also deposited in U.S.N.M. collection. No. 626071.

Occurrence: —Ranges from the base of the Poz6n-El Mene
Road section {Catapsydrax stainjorthi Zone) to the basal part of

the Globorotalia fohsi fohsi Zone, Tocuyo and Pozon formations.

Globorotalia fohsi fohsi Cushman and Ellisor PL 17, figs. 112a-c

Globorotalia fohsi Cushman and Ellisor, 1939, Cushman Lab. Foram. Res.,

Contr., vol. 15, p. 12, pi. 2, figs. 6a-c {fide Ellis and Messina, 1940 et seq.).

Globorotalia fohsi Cushman and Ellisor, Renz, 1948, (Jeol. Soc. Amer.,

Mem. 32, p. 137, pi. XI, figs. 2a-c.

Globorotalia fohsi fohsi Cushman and Ellisor, Bolli, 1950, Cushman Found.
Foram. Res., Contr., vol. 1, pts. 3 and 4, p. 88, pi. 15, figs. 4a-c.

Globorotalia fohsi fohsi Cushman and Ellisor, Bolli, 1957, U.S. Nat. Mus.,
Bull. No. 215, p. 119, pi. 28, figs. 9a-10c.

Remarks: —This subspecies shows an acute but not keeled

peripheral margin, although some peripheral thickening may occur;

the umbilical side is vaulted, and the sutures of the spiral side are

not incised.

Hypotype: —From sample. No. RM 19367, auger line near

Pozon, eastern Falcon; Plate 17, figures 112a-c, deposited in

U.S.N.M. collection. No. 626072.

Occurrence: —Ranges from the base of the Globorotalia fohsi
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fohsi Zone to the basal part of the Globorotalia fohsi lobata Zone,

Pozon formation.

(xloborotalia fohsi lobata (Bermudez) PI. 16. figs. 113a-c

Globorotalia lobata Bermudez, 1949, Cushman Lab. Foram. Res., Spec. Publ.

25, p. 286, pi. 22, figs. 9-11.

Globorotalia fohsi lobata Bermudez, Bolli, 1950, Cushman FounJ. Foram.
Res., Contr., vol. 1, pts. 3 and 4, p. 88, pi. 15, figs. 7-8c.

Globorotalia fohsi lobata Bermudez, Bolli, 1957, U.S. Nat. Mus., Bull. No.

215, p. 119, pi. 28, figs. 13a-14b.

Remarks: —This subspecies shows a "cocks-comb" appearance

of the last few chambers which typically also possess a fairly strong

keel. Some peripheral thickening may also occur on the earlier

chambers which, however, do not possess a keel.

Hypotype: —From sample. No. RM 19426, auger line near

Pozon, eastern Falcon; Plate 16, figures 113a-c, deposited in

U.S.N.M. collection. No. 626074.

Occurrence: —Ranges from the base of the Globorotalia fohsi

lobata Zone to the basal part of the Globorotalia fohsi robusta

Zone, Pozon formation.

Globorotalia fohsi robusta Bolli PI. 16, figs. 114a-c

Globorotalia fohsi robusta Bolli, 1950, Cushman Found. Foram. Res., Contr.,

vol. 1, pts. 3 and 4, p. 89, pi. 15, figs. 3a-c.

Globorotalia fohsi robusta Bolli, Bolli, 1957, U.S. Nat. Mus., Bull. No. 215,

p. 119, pi. 28, figs. 16a-c.

Remarks: —This subspecies is carinate throughout, but the

strength of the keel is variable; in some late forms the keel is

massive with much secondary peripheral thickening.

Hypotype: —From sample. No. RM 19470, auger line near

Pozon, eastern Falcon; Plate 16, figures 114a-c, deposited in

U.S.N.M. collection. No. 626076.

Occurrence: —Restricted to the Globorotalia fohsi robusta

Zone, Pozon formation.

Globorotalia lengnaensis Bolli PI. 17, figs. 115a-c

Globorotalia lenguacnsis Bolli, 1957, U.S. Nat. Mus., Bull. No. 215, p. 120,
pi. 29, figs 5a-c.

Remarks: —This species is distinguished from Globorotalia

minima (Akers) by the less convex umbilical side and the more
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circular equatorial profile; the spire opens less rapidly than in Akers'

species. The aperture is longer in Globorotalia lenguaensis and ex-

tends further towards the periphery than in Globorotalia minima.

Some later forms of Globorotalia lenguaensis show a faint keel.

Maximum diameter of hypotype, 0.3 mm.
Hypotype: —From sample, No. RM 19507, auger line near

Pozon, eastern Falcon; Plate 17, figures 115a-c, deposited in

U.S.N.M. collection. No. 626078.

Occurrence: —Ranges from the uppermost part of the Globoro-

talia fohsi robusta Zone to the top of the Sphaeroidinella semituilina

Zone, Pozon formation.

(iloborotalia niajeri Cushman and Ellisor PI. 18, figs. 116a-c

Globorotalia mayrri Cushman and Ellisor, 1939, Cushman Lab. Foram. Res.,

Contr., vol. 15, pt. 1, p. 11, pi. 2, figs. 4a-c (fide Ellis and Messina, 1940

et seq.).

Globorotalia mayrri Cushman and Ellisor, Belli, 1957, U.S. Nat. Mus., Bull.

No. 215, p. 118, pi. 28, figs. 4a-c.

Remarks: —Globorotalia mayeri Cushman and Ellisor differs

from Globorotalia acostaensis Blow, sp. nov. in having slightly

curved or sinuous sutures on the spiral side, less inflated and nar-

rower chambers, as well as a thinner test.

Hypotype: —From sample, No. RM 19188, auger line near

Pozon, eastern Falcon; Plate 18, figures 116a-c, deposited in

U.S.N.M. collection, No. 626080.

Occurrence: —Ranges from the base of the Poz6n-El Mene
Road section (Catapsydrax stainforthi Zone) to the top of the

Globorotalia mayeri Zone, Pozon formation.

(ilohorotsilla iiienardii (d'Orbigny)

(iloborotalia nieiiardii arclieoineiiardii (Bolli) Pi. 18. figs. 117a-c

Globorotalia archeomrnardii Bolli, 1957, U.S. Nat. Mus., Bull., No. 215, p.

119, pi. 28, figs, lla-c.

Remarks: —Bolli's type is here considered as a subspecies of

Globorotalia ynenardii (d'Orbigny). It is distinguished from Glo-

borotalia menardii praemenardii (Cushman and Stainforth) by the

strongly convex spiral side and the rather angular rhomboidal shape

of the chambers as seen in side view. In early forms of this sub-

species from the Globigerinatella insueta/Globigerinoides bis-
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pherica Subzone a keel seems to be present only on the last few

chambers, although some peripheral thickening may be present on

the earlier chambers. Also, in these early forms, the chambers are

rather elongate tangentially and the writer considers it likely that

this form developed from Globorotalia scitula praescitula Blow,

subsp. nov. In the uppermost part of the Globorotalia fohsi barisan-

ensis Zone, forms transitional to Globorotalia menardii praemen-

ardii occur.

Hypotype: —From sample, No. RM 19280, auger line near

Pozon, eastern Falcon; Plate 18, figures 117a-c, deposited in

U.S.N.M. collection. No. 626082.

Occurrence: —Ranges from the base of the Globigerinatella

insueta/Globigerinoides bispherica Subzone to the basal part of

the Globorotalia fohsi fohsi Zone, Tocuyo and Pozon formation.

trloborotalia menardii praemenardii (Cushman and Stainforth)
PL 18, figs. 118a-c

Globorotalia praemfnaniii Cushman and Stainforth, 1945, Cushman Lab.
Foram. Res., Spec. Pub. 14, p. 70, pi. 13, fig. 14.

Globorotalia praemenardii Cushman and Stainforth, Bolli, 1957, U.S. Nat.
Mus., Bull. No. 215, p. 120, pi. 29, figs. 4a-c.

Remarks: —This form is distinguished from Globorotalia

nienardii -menardii (d'Orbigny) by the absence of distinctly limbate

and raised sutures on the spiral side and also by the more equally

biconvex test. It is distinguished from Globorotalia vien^rdii arch-

eomenardii (Bolli) by the more lobate equatorial periphery and

the less convex spiral side. Forms transitional to Globorotalia

menardii menardii (d'Orbigny) occur in the middle part of the

Globorotalia fohsi robxista Zone.

Hypotypt: —From sample. No. RM 19367, auger line near

Pozon, eastern Falcon; Plate 18, figures 118a-c, deposited in

U.S.N.M. collection. No. 626084.

Occurrence: —Ranges from the base of the Globorotalia fohsi

fohsi Zone to the upper part of the Globorotalia fohsi robusta Zone,

Pozon formation.

Globorotalia menardii menardii (d'Orbigny) PI. 18. figs. 119a-c, 120a-c

Rotalia {"Rotalie") menardii d'Orbigny, 1826, Ann. Sci. Nat., Paris, ser.

1, vol. 7, p. 273, Modeles No. 10 {fide Ellis and Messina, 1940 et seq.).
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Globorotalia mfttardii (d'Orbignv), Bolli, 1957, U.S. Nat. Mus., Bull. No.

215, p. 120, pi. 29, figs. 6a-10b.

Remarks: —The form described by D'Orbigny in 1826 is here

regarded as being the "central type" for a closely related series of

forms which show gradual evolutionary changes. Although this

subspecies shows a considerable variation in size, characters such

as the distinctive keel, slightly convex spiral side and the only mod-

erately convex umbilical side are common features. The writer dis-

tinguishes this subspecies from Globorotalia menardii -praemenardii

(Cushman and Stainforth) by the presence of a stronger keel and

the distinctly limbate, often raised sutures on the spiral side.

Both the spiral and umbilical sides are less convex in this

subspecies than in Globorotalia menardii praemenardii.

Hypotype: —From sample, No. RM 19507, auger line near

Pozon, eastern Falcon; Plate 18, figures 120a-c, deposited in

US.N.M. collection. No. 626086 Figures 119a-c, from sample, No.

RM19470, also deposited in U.S.N.M. collection, No. 626087.

Occurrence: —Ranges from the middle part of the Globorotalia

johsi robusta Zone to the top of the Pozon formation. It persists

to the present time.

(iil()l)orolalia menardii miocenioa Palmer PI. 19, figs. 121a-c

Globorotalia menardii miocenica Palmer, 1945, Bull. Amer. Pal., vol. 29, No.
115, p. 70, pi. 1, fig. 10.

Remarks: —This subspecies differs from Globorotalia menardii

m^enardii (d'Orbigny) in having a strongly vaulted umbilical side,

an almost flat spiral side, a weaker keel, and less limbate sutures.

The maximum and minimum diameters of the test are distinctly

unequal so that the test of this form appears elongate in equatorial

profile.

Tlypotype: —From sample. No. RM 19791, auger line near

Pozon, eastern Falcon; Plate 19, figures 121a-c, deposited in

U.S.N.M. collection. No. 626088.

Occurrence: —Forms transitional from Globorotalia menardii

m,enardii{d''Orh\gny) occur in the uppermost part Globorotalia men-

ardii m.enardii/Globigerina nepenthes Zone, but typical specimens
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occur rarely only in the Sphaeroidinella seminulina Zone, Pozon

formation.

Globorotalia minima (Akers) PI. 19. figs. 122a-c

Globorotalia canarirnsis (d'Orbigny) var. minima Akers, 1955, Jour. Pal.,

vol. 29, No. 4, p. 659, pi. 65, figs. 3a-3d.

Akers (1955) referred his variety to Globorotalia canariensis

(d'Orbigny) but merely remarked that his variety differs from

D'Orbigny's species in being smaller in size. Akers' figures show

a form wtih a fairly vaulted umbilical side and a rounded to sub-

acute, not keeled, periphery, whereas D'Orbigny's species has a

depressed test with a well-marked keel. Examination of samples

from eastern Falcon shows that Akers' variety should be considered

as a distinct species. Since Akers did not give a description of his

type, a description based on specimens from Pozon is given here.

These Pozon specimens compare excellently with the figures given

by Akers.

Description: —Test low trochospiral; spire opening rapidly,

with usually six chambers in the last convolution. As seen from the

spiral side the chambers are almost equally as broad as long with

the exception of the last two chambers. The sutures of the spiral

side are not much depressed and are moderately curved. The sutures

of the umbilical side are slightly sinuous to almost radial. Equatorial

periphery only slightly lobate; axial periphery rounded to subacute,

not keeled; aperture interiomarginal, umbilical-extraumbilical, a

low arch with a thin short lip; umbilicus small or closed; wall

calcareous, finely perforate; maximum diameter of hypotype,

0.28 mm.

Remarks: —The size and morphology of the specimens from

the Poz6n-El Mene Road section compare excellently with Akers'

figures. Akers gave 0.22 mm. as the maximum diameter of his

holotype which is about the average for the specimens observed by

the writer. This species may be ancestral to Globorotalia lenguaensis

Bolli.

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; Plate 19, figures 122a-c, deposited in

U.S.N.M. collection. No. 625725.
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Occurrence: —Ranges from the Globigerinatella insueta/Glo-

bigerinoides bisph erica Subzone to the Globorotalia fohsi robust a

Zone, Pozon formation.

Oloborotalia miiiutissima Bolli PI. 19, figs. 123a-c

Globorotalia mlnutissima Bolli, 1957, U.S. Nat. Mus., Bull. No. 215, p. 119,

pi. 29, figs. la-c.

Hy-potype: —From sample, No. RM 19304, auger line near

Pozon, eastern Falcon; Plate 19, figures 123a-c, deposited in

U.S.N.M. collection. No. 626089.

Occurrence: —Ranges from the base of the Poz6n->El Mene
Road section {Catapsydrax stainforthi Zone) to the Sphaeroidin-

ella seminulina Zone, Pozon formation.

f;iol)orotaL*a obesji Bolli PL 19, figs. 124a-c

Globorotalia obesa Bolli, 1957, U.S. Nat. Mus.. Bull., No. 215, p. 119, pi.

29, figs. 2a-3.

Remarks: —This species is distinctive by virtue of its highly

inflated spherical chambers. The aperture is without either lip or

rim. In some specimens showing gerontic features there is an ad-

ditional chamber which extends somewhat over and on to the

spiral side, the aperture becoming nearly interiomarginal, peri-

pheral.

Hypotype: —From sample. No. RM 19480, auger line near

Pozon, eastern Falcon; Plate 19, figures 124a-c, deposited in

U.S.N.M. collection, No. 616091.

Occurrence: —Ranges from the base of the Poz6n-El Mene
Road section {Catapsydrax stainforthi Zone) to the Globigerina

bulloides Zone, Pozon formation.

(iloborotalia oplnia Bolli

fJloborotalia opima continiiosa Blow, subsp. nov. PI. 19, figs. 125a-c

Diagnosis of subspecies: —Test low trochospiral; spire opening

rather rapidly, with four chambers in the last whorl; equatorial

periphery lobate; axial periphery rounded, with the test appear-

ing rather parallel-sided in side view; the sutures of the spiral and

umbilical sides depressed, radial; chambers ovate to subspherical,

but not well separated; umbilicus narrow, deep; aperture with a
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distinctive lip, interiomarginal, umbilical-extraumbilical, a com-

paratively high arch which tends to be somewhat elongate normal

to the axis of coiling at the periphery, giving a "coma-shaped"

appearance in side view (Plate 19, figure 125c). Wall calcareous

rather coarsely perforate; maximum diameter of holotype 0.26 mm.
Remarks: —This form differs from Globorotalia ophna nana

Bolli in having ovate or only merely subspherical chambers,

a higher arched aperture with a more distmctive apertural lip,

and a rather more coarsely perforate wall structure. Forms transi-

tional to Globorotalia opi/ma nana occur in the Catapsydrax stain-

forthi Zone, whilst forms transitional to Globorotalia acostaensis

Blow, sp. nov. occur in the Globorotalia menardii menardii/Globig-

erina nepenthes Zone.

Holotype: —From sample, No. RM 19542, auger line near

Pozon, eastern Falcon; Plate 19, figures 125a-c, deposited in

U.S.N.M. collection. No. 625711.

Occurrence: —Ranges from the Catapsydrax stainjorthi Zone

to the Sphaeroidinella se^ninulina Zone, Tocuyo and Pozon forma-

tions.

Globorotalia scitula (Brady)

CTloborotalia scitnla scitula (Brady) PI. 19, figs. 126a-c

Puh'tnullna scitula Brady, 1884, Roy. Soc. Edinburgh, Proc, vol. 11, p.

716. Figures in Brady, 1884, Challenger Exped. Rept., Zool., vol. 9, pi.

103, figs. 7a-c.

Globorotalia canariensis Cushman and Stainforth {non d'Orbigny), 1945,

Cushman Lab. Foram. Res., Spec. Pub. 14, p. 70, pi. 13, figs. 12a-c.

Globorotalia canariensis Renz {non d'Orbigny), 1948, Geol. Soc. Amer.,

Mem. 32, p. 136, pi. XI, figs. 3a-b.

Globorotalia scitula (Bradv), Bolli, 1957, U.S. Nat. Mus., Bull. No. 215,

p. 120, pi. 29, figs. lla-12c.

Description: —Test low-trochospiral; spire opening fairly rapid-

ly with four to five (occasionally six) chambers in the last whorl;

equatorial periphery slightly to moderately lobate; axial periphery

subacute to rounded, not keeled; spiral side slightly convex; um-

bilical side convex to slightly vaulted; the sutures of the spiral side

are depressed, sinuous to nearly radial; chambers as seen from the

spiral side nearly as broad as long, almost hemispherical; umbilicus

small or almost closed, fairly shallow; aperture interiomarginal,

umbilical-extraumbilical, with a distinct lip; wall calcareous, finely
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perforate, smooth, often appearing glassy; maximum diameter of

hypotype, 0.33 mm.

Remarks: —This subspecies differs from Globorotalia scitida

praescitnla Blow, subsp. nov. in having almost hemispherical cham-

bers, a less vaulted umbilical side and less deeply incised sutures

on the spiral side. The periphery is subacute to rounded as com-

pared with the more acute periphery of Globorotalia scitula prae-

scitnla. It differs from Globorotalia scitula gigantea- Blow, subsp.

nov. in being smaller and in the almost complete lack of peripheral

thickening and ventral pustules.

Hypotype: —From sample. No. RM 19367, auger line near

Pozon, eastern Falcon; Plate 19, figures 126a-c, deposited in

U.S.N.M. collection. No. 626093.

Occurrence: —Ranges from the uppermost part of the Globoro-

talia johsi barisanensis Zone to the Globigerina bulloides Zone,

Pozon formation. The subspecies persists to Recent.

Globorotalia scitula grig'ant.ea Blow, subsp. nov. PL 16, figs. 127a-c

Diagnosis of subspecies: —Test trochospiral; spire opening

fairly rapidly, with four to five chambers in the last whorl. Equa-

torial periphery lobate; axial periphery rounded to subacute, not

keeled but often with much peripheral thickening; test generally

biconvex; sutures of the spiral side depressed and strongly curved;

sutures of the umbilical side slightly sinuous to radial; chambers al-

most hemispherical as seen from the spiral side; aperture interio-

marginal, umbilical-extraumbilical, a low arch with a distinct lip;

wall calcareous, perforate, often with distinct pustules in the um-

bilical sutural positions and over the umbilical surface of the

earlier chambers; maximum diameter of holotype 0.59 mm.

Remarks: —In general morphology this subspecies is similar

to Globorotalia scitula scitula (Brady) but differs in being much
larger. Two groups co-exist with mean diameters averaging 0.28 mm.
and 0.54 mm. with few specimens greatly departing from the two

means; the larger-sized group is assigned to this subspecies and

shows the presence of much peripheral thickening and pustules on

the umbilical side. The test is also generally more equally biconvex

than in Globorotalia scitula scitula (Brady).
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Holotype: —From sample, No. RM 19480, auger line near

Pozon, eastern Falcon; Plate 16, figures 127a-c, deposited in

U.S.N.M. collection, No. 625715.

Occurrence: —Ranges from the upper part of the Globorotalia

fohsi fohsi Zone to the lower part of the Globorotalia menardii

rnenardii/Globigerina nepenthes Zone, Pozon formation.

Globorotalia scltula praescltula Blow, subsp. nov. PI. 19, figs. 128a-c

Diagnosis of subspecies: —Test a fairly low trochospiral; spire

opening regularly but not rapidly, with four to five chambers in the

last whorl; equatorial profile ovate to subcircular; equatorial periph-

ery lobate; axial periphery subacute but not keeled, although some

peripheral thickening occurs on the earlier chambers; sutures of the

spiral side depressed and strongly curved; sutures of the umbilical

side depressed, slightly sinuous to radial; spiral side convex, umbili-

cal side distinctly convex to rather vaulted; chambers longer than

broad, elongate tangentially as seen from the spiral side; umbilicus

small, sometimes closed, but often fairly deep; aperture interio-

marginal, umbilical-extraumbilical, a low arch with a thin lip;

wall calcareous, finely perforate, not glassy; maximum diameter

of holotype, 0.30 mm.

Remarks: —This subspecies differs from Globorotalia scitnla

scitula (Brady) in having more tangentially elongate chambers, a

more convex umbilical side, and a less finely perforate wall tex-

ture; the periphery is also generally more acute but transitional

forms occur in the upper part of the Globorotalia fohsi barisanensis

Zone.

Holotype: —From sample, No. RM 19152, auger line near

Pozon, eastern Falcon; Plate 19, figures 128a-c, deposited in

U.S.N.M. collection. No. 625713.

Occurrence: —Ranges from the base of the Poz6n-El Mene
Road section (Catapsydrax stainforthi Zone) to the top of the

Globorotalia fohsi barisanensis Zone, Pozon formation.

Genus HASTIGEKDfELLA Cushman, 1927

This genus possesses a lipped interiomarginal, umbilical-extra-
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umliilical apcr'ure, at leasi in the earlier sta<>,es (PI. 16, fig. 130).

The typical "cluh-shapecl" and radially eloiifiate chanihers do not

.seem to ajipear until lalei (nitoj^enet ic .statues; the earlier chanihers

are usually ovate or only slif2;htly radially elonjjate. Because ol the

nature and position ol the aperture the writer helieves that tins

genus has evoKed repeatedl\- Ironi a (r/ohoratdlui-Ukc ancestor and

not via Ilastigerina as inferred hy Cushnian ( 1950, pi. 27).

In this study the writer notes that llastigerinclla appears be-

fore Hastigcrina although both occur in the Miocene.

HasliyeriiU'lla iMTiiiiKlrzi Holli I'l. 1(1. ligs. 12!ta-b, VM)

Hastianiiirll,! hnwudizl Holli, 1957, U.S. Nat. Mus., Bull. No. 215, p. 112,

pi. 25, fifis. la-c.

Remarks: —This species shows spherical to ovate early cham-

bers with a distinct GlolxnotaliaAWc aperture (PI. 16, fig. 130). The

later chambers become club-shaped with the ajierture extending on

to the peri|-)her\'. The test is less trochoid than in llastigcrinclla

rlnniih/eri Galloway, 1933 (^ Ifastigerina digitata Rhumbler, 1911,

non Globigerino digitata Brady, 1879), and the chambers less

elongate. It seems likely that the various llastigerijiella species

also appear independently trom a "globorotahd-stock" since this

species has a restricted range and does not appear to be closely

related to the t\i)ically Recent II astigerinella rhwnihJcri (lalloway.

I/ypotypr: —From sample. No. RM 19290, auger line near

Pt)/.(')n, eastern Falcon; Plate 16, figures 129a-b, deposited in

U.S.N.M. collection. No. 626095. (Figure 130, Plate 16 also de-

posited in U.S.N.M. collection.)

Occurrence: —Ranges only trom the ui)]H'r part of the Ciloliig-

erinatella insueta/GlobigerinouIcs hisp/i erica Sub/.one to the basal

part ol the (j/ohorota/ia ja/isi folisi Zone, Poz<')n lorniation.

Family ANOMALINID.VK

Genus ANOMALINAd'Orhigny, 1826

AiKHiiiilina alaxiiiu'iisis Nuttall

.hioniiiinid altizannisis Nuttali, 1932, Jour. I'al., vol. 6, p. 31, pi. 8, figs.

4, 8, 9.

Ilypotypc: —From sample. No. RM 19285, auger line near
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Pozon, eastern Falcon; deposited in U.S.N.M. collection, No.

626097.

Occurrence: —Rather rare and seems to be restricted to samples

from the Globigerinatella insueta/Globigerinoides hispherica Sub-

zone, Globorotalia fohsi barisanensis Zone and Glohomtalia fohsi

fohsi 2x)ne, Pozon formation.

Genus AXO.MALI^OIDES Brotzeu, 1942

Aiionialinoidos triiiitatfiisis (Nuttall)

Trunratulinti tiiniltitrnsis Nuttall, 1928, Geol. Soc. London, Quart. Jour.,

vol. 84, p. 97, pi. 7, figs. 3, 5, 6 (fidr Ellis and Messina, 1940 ci se'j.).

Anotnalinoidfs trinitatrnsis (Nuttall), Renz, 1948, Geol. Soc. Amer., Mem.
32, p. 115, pi. X, figs, lla-c.

Remarks: —This form is rather similar to Cibicides nucleatus

(Seguenza); however, in Anomalinnides trinitatensis the aperture

extends much further towards the umbihcus, whereas in Gibwicles

nucleatus the umbihcal part of the aperture is confmed to the

peripheral part of the basal suture of the last chamber.

Ilypotype: —From sample, No. RM 192(S5, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626098.

Occurrence: —Occurs from the Catapsydrax stainforthi Zone,

Tocuyo formation, to the Globorotalia menardii menafdii/Glo-

btgerina 7iepenthes Zone, Pozon formation. Often common, especially

in the Globorotalia fohsi fohsi Zone and m the Globorotalia mayeri

Zone (s.L).

Genus (JIIJI("II)J:S Montfort, 1808

Cibicides anierieaniiK (Tushman)

Cibicides amcricanus (Cushman), Cushman and Cahill, 1933, U.S. Geol.
Surv., Prof. Paper 175-A, p. 34, pi. 13, figs. 2a-c {fidr Ellis and Messina,
1940 ct srrj.).

Remarks: —This species is thin-walled and fragile and has a

fairly well-marked narrow carina. Aperture on the spiral side has

a thin liplike extension. Involute both on the soiral and umbilical

sides. It differs from Cibicides mantaensis (Galloway and Morrey)

in having a narrow carina and slightly depressed sutures.

Ilypotype: —From samole. No. RM 20104, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626100.
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Occurrence: —Generally scarce throughout the Pozon forma-

tion but becomes relatively common in some impoverished faunas

from the topmost part of this formation, i.e., in the upper part of

the Sphaeroidinella scminulina Zone and Glohigerina bulloides Zone.

Cibieides earsteni (ushnian and Ellisor

C'lb'icides earsteni Cushman and Ellisor, 1939, Cushman Lab. Foram. Res.,

Contr., vol. 15, p. 13, pi. 2, figs. 8a-c [fide Ellis and Messina, 1940
et seq.).

Hypotype: —From sample,. No. RM 19282, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626102.

Occurrence: —Fairly common and occurs in the Globigerinatella

insueta/Globigerinoides bispherica Subzone, Globorotcdia fohsi

"Zone" (s.L), Globorotalia mayeri Zone {s.l.) and in the Globoro-

talia ^nenardii menardii/Globigerina nepenthes Zone, Pozon forma-

tion.

Cihicides concentriciis (Cushman)

Cibieidrs eoneentrieus (Cushman), Cushman, 1930, Florida Geol. Surv..

Bull. No. +, p. 61. pi. 12, fig. 4 (fide Ellis and Messina, 1940 et seq.).

Hypotype: —From sample. No. RM 19522, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 626104.

Occurrence: —Scarce in the Globigerinatella insueta Zone

(s.l.) and in the Globorotalia fohsi "Zone" (s.l.) but fairly com-

mon m the Globorotalia mayeri Zone (s.l.) and in the Globorotalia

menardii tnenardii/Globigerina nepenthes Zone. Only observed in

isolated samples from the Sphaeroidinella scminulina Zone, Pozon

formation.

Cibk'idos ooiiiprossiis Cushman and Renz

Cibicides floridanus (Cushman) var. compressa Cushman and Renz, 1941,

Cushman Lab. Foram. Res., Contr., vol. 17, pt. 1, p. 26, pi. 4, fig. 9.

Cihicides compressus Cushman and Renz, Renz, 194X, Geol. Soc. Amer.,
Mem. 32, p. 127, pi. X, figs. 9a-c.

Remarks: —Renz (1948) considered this form to be sufficiently

distinctive from Gibicides floridanus Cushman to be considered as

a distinct species. The present writer's view is that the species shows

little variation, except in size, and, therefore, agrees with Renz's

conclusions.
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Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 626106.

Occurrence: —Often common in samples from the Globigerin-

atella insueta Zone (s.l.), Globorotalia fohsi "Zone" (s.l.) Glo-

horotalia mayeri Zone (s.l.) and from the Globorotalia nienardii

m,e7iardn/Globigerina nepenthes Zone, Tocuyo and Pozon forma-

tions. Isolated specimens have been observed in the Sphaeroidinella

seminulina Zone and Globigerina bulloides Zone, indicating that its

virtual disappearance is due to ecological rather than stratigraphical

reasons.

Cibloides falconensis Renz

Cibicidcs falconensis Renz, 1948, Geol. Soc. Amer., Mem. 32, p. 128, pi.

XI, figs. 6a-c.

Hypotype: —From sample, No. RM 19280, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 626108.

Occurrence: —Fairly common in the Catapsydrax stainjorthi

Zone and Globigerinoides insueta /Globigerinoides triloba Subzone,

Tocuyo formation, but rather scarce or scarce in the Globigerinatella

insueta /Globigerinoides bispherica Subzone, Globorotalia fohsi

"Zone" (s.l.), and lower part of the Globorotalia mayeri Zone (s.l.),

Pozon formation.

Cibicides mantaensis (Galloway and Morrey)

Cibicides mantaensis (Galloway and Morrey), Hedberg, 1937, Jour. Pal.,

vol. 11, p. 683, pi. 92, figs. 12a-c.

Remarks: —This species is involute both on the spiral and um-
bilical sides and appears closely related to Cibicides aviericayius

Cushman but differs from the latter species in having limbate,

slightly raised sutures. The part of the aperture on the spiral side

is covered by a small liplike plate.

Hypotype: —From sample. No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 626110.

Occurrence: —Fairly common in the Catapsydrax stainjorthi

Zone, Globigerinatella insueta /Globigerinoides triloba Subzone, To-

cuyo formation; also in the Globigerinatella insueta/Globigerinoides
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bisph^rica Subzone and Globorotalia joshi "Zone" (s.l.), Pozon

formation.

Cibicides niatanzasensis (Hadley)

Cibicidcs matanzasensis (Hadley), Palmer, 1941, Soc. cubana hist, nat.,

Mem., vol. 15, p. 295, pi. 28, figs. 6a-c.

Remarks: —The part of the aperture on the spiral side of this

species is not clearly marked. Spiral side evolute but strongly in-

volute umbilically. Sutures meet the periphery nearly at right-angles

and are raised. Chambers numerous, about 12-14 in the last whorl

only slowly increasing in size as added.

Hypotype: —From sample, No. RM 19285, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 626112.

Occurrence: —Generally scarce in all zones below the Globoro-

talia menardii menardii/Globigerina nepenthes Zone, Pozon forma-

tion.

Cibicides perlncid.a Nuttall

Cibicides pcrluciJa Nuttall, 1932, Tour. Pal., vol. 6, p. 33, pi. 8, figs. 10-12.

Remarks: —Umbilical side strongly vaulted; spiral side slightly

convex with the sutures rather indistinct and strongly oblique to

the periphery.

Hypotype: —From sample. No. RM 19117, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 626114.

Occurrence: —Scarce and only observed in isolated samples

from the Catapsydrax stainforthi Zone, Tocuyo formation.

Genus LATICARIIVINA Galloway and Wissler, 1927

Latioarinfna pauporata (Parker and Jones)

iMtirarinina pauprrata (Parker and Jones), Cushman, 1931, U.S. Nat. Mus.,
Bull. No. 104, pt. 8, p. 114. pi. 20, fig. 4; pi. 21, fig. 1 {fide Ellis and
Messina, 1940 ct. sr'/.).

Remarks: —This distinctive form, with its wide peripheral

flange and generally compressed test, has been considered as a

planktonic species. Its association with predominantly deepwater

mainly planktonic assemblages supports this view; however, Cush-
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man suggested that it may be pseudoplanktonic, being attached to

floating seaweed.

Hypotype: —From sample, No. RM 19280, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 626115.

Occurrence: —Occurs, but is scarce, m the Catapsydrax stain-

forthi Zone and Globigerinatella insueta Zone {s.l), Tocuyo and

Pozon formations. Occasional specimens have been observed m
mainly planktonic assemblages from the Globorotaha johsi "Zone"

(s.l.), Pozon formation.

Genus PLAIVULOA d'Orbigny, 1826

Plaimlina dohertji (Galloway and Morrey)

Cihicidcs doltcrtyl Galloway and Morrey, 1929, Bull. Amer. Pal., vol. 15,

No. 55, p. 30, pi. 4, figs. 7a-c.

Planulina dohcrty'i (Galloway and Morrey), Renz, 19+8, Geol. Soc. Amer.,
Mem. 32, p. 150, pi. X, figs. 6a-b.

Hypotype: —From sample, No. RM 19255, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626117.

Occurrence: —Scarce and only observed in isolated samples

from the Globigerinatella insueta Zone {s.l.) and Globorotalia johsi

"Zone" (s.l.), Tocuyo and Pozon formations.

Planulina marialana Hadley

Planulina marialana Hadley, 1934, Bull. Amer. Pal., vol. 20, No. 70A, p. 27

pi. 4, figs. 4-7 ifiJc Renz, 1948).

Hypotype: —From sample. No. RM 19210, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626119.

Occurrence: —Scarce and only observed in samples from the

Globigerinatella insueta Zone {s.l.), Tocuyo and Pozon formations.

Planulina niexicana Cushman

Planulina mrxicana Cushman. 1927, Cushman Lab. Foram. Res., Contr., vol.

3, p. 113, pi. 23, figs. 5a-b (fidr Ellis and Messina, 1940 i't seq.).

Hypotype: —From sample, No. RM 19181, auger line near

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 626121.

Occurrence: —Generally scarce but observed in the Globiger-

inatella insueta Zone (s.l.), Tocuyo and Pozon formations, also in

the Globorotalia johsi "Zone" (s.l.), and Globorotalia mayeri Zone

(s.l.), Pozon formation.
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PlanaLiiia subtenuissima (Nuttall)

Anomaima subtenuissima Nuttall, 1928, Geol. Soc. London, Quart. Journ.,

vol. 84, p. 100, pi. 7, figs. 13, 15, text-fig. 6 (fide Renz, 1948).

Planulina subtenuissima (Nuttall), Renz, 1948, Geol. Soc. Amer., Mem. 32,

p. 151, pi. XI, figs. 4a-b.

Hypotype: —From sample, No. RM 19285, auger line near

Pozon; eastern Falcon; deposited in U.S.N.M. collection, No. 626123.

Occurrence: —Generally scarce and only observed in the Glo-

bigerinatella insueta Zone (s.L), Tocuyo and Pozon formations.
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APPENDIX I

NOTEONTHE VALIDITY OF THE NAME"SAN LORENZO
FORMATION", DISTRICT OF ACOSTA,

EASTERNFALCON, VENEZUELA

In a private letter, dated 12th August, 1957, Dr. H. G. Kugler

drew the writer's attention to certain facts concernmg the validity

of the term "San Lorenzo formation" as applied to certain beds

which lie between the Pozon and Guacharaca formations in the Dis-

trict of Acosta, State of Falcon, Venezuela. Unfortunately, Dr. Kug-

ler's most valuable comments only reached the writer after the

present study had been finalized and all the charts draughted.

In his letter. Dr. Kugler referred to the following statements

concernmg a valid formational name m southern California, U.S.A.,

i.e., San Lorenzo formation. "Oligocene": southern California

(Santa Cruz Mountains region).
,

(a) R. Arnold (1906, U.S. Geol. Surv., Prof. Paper 47, p. 16)

stated, 'San Lorenzo formation. Essentially a series of grayish

"muddy" shales and fine sandstones, typically exposed along the

bed of the San Lorenzo River about 2 miles above Boulder Creek,

Santa Cruz County. Extends W. from type locality in Big Basin, on

N. side of which it rests conformably against older yellowish sand-

stones of Butano Ridge, possibly Oligocene in age.' This statement
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by Arnold was later slightly modified by Atwill as follows:

(b) E. R. Atwill (1935, Amer. Assoc. Petr. Gaol., Bull., vol. 19,

no 8, p. 1204) stated, "Recent work points to the conclusion type

San Lorenzo may range from Oligocene (or even Eocene) to

Miocene."

(c) R. A. Liddle (1928, The geology of Venezuela and Trinidad,

p. 397, stated, "Upper Oligocene shales, sandstones and limestones

included in the Agua Clara, Quiros, El Mene, Curamichate, La

Planchada and Tocuyo horizons constitute the major producing

horizon of western and north-western Venezuela".

Dr. Kugler pointed out that the "Tocuyo horizon" of Liddle

(1928) is obviously synonymous with A. Senn's (1935) "El Mene

sand formation". Renz (1948, p. 9) rightly abandoned the term

"El Mene sand formation" because of its inadequate definition as

well as its preoccupation by such terms as El Mene de Buchivacoa

and Barinas (see also Hedberg, 1938). However, it appears that a

mistake was made in introducing the term "San Lorenzo formation"

without having first consulted the Stratigraphic Lexicon.

Dr. Kugler goes on to say in his letter,"In view of these state-

ments by Arnold and Atwill on a valid formation, I recommend you

to drop the term "San Lorenzo formation" and introduce the term

''Tocuyo formation" . According to the "Lexico estratigrafico de

Venezuela" (1956) the term "Tocuyo" has not been used for any

formation or member.

Following these comments and the recommendations by Dr.

Kugler, the writer proposes that the term "Tocuyo formation"

should be substituted for the term "San Lorenzo formation".

District of Acosta, State of Falcon, Venezuela.

The writer wishes to express his sincere appreciation for Dr.

Kugler's comments and for permission to quote from his letter of

the 12th August, 1957.
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Explanation of Plate 6

(For figures 3, 6, 10. 13. 18, 20, 24 see Plate 7.)

Figure Page

la-b. Aiiuiiodisous nuihlemaniil Blow, sp. nov 109

Holotype, X50, USNM. No. 625691 from Sample RM 19180;

fig. la, axial view; fig. lb, side view.

2. Alveolophrag-miiim veiiezuelamiin Maync Ill

Hypotvp'e, X35, USNM, No. 625739 from Sample RM 19136;

side view.

4. Alveovalvuliiiella pozoiieiisis (Cushman and Renz) 116

Hypotype, X35, USNM, No. 625763 from Sample RM 19175;

side view.
5. Gravellina narivaensis Bronnimann 116

Hypotype, X35, USNM, No. 625765 from Sample RM 19181;

side view.

7. Astavolus ovatiis Galloway and Heminway 119

Hypotype, X35, USNM, No. 625779 from Sample RM 19285;

side view.

8. Lagena asperoides Galloway and Morrey 121

Hypotype, X35, USNM, No. 625787 from Sample RM 19180;

side view.

9. Lag'ena nnttalli Galloway and Heminway 122

Hypotype, X35, USNM, No. 625788 from Sample RM 19179;

side view.
11. ^farg-innlinopsis basispiiiosus (Cushman and Renz) 124

Hypotype, X35, USNM, No. 625796 from Sample RM 20025;
side view.

12. Nodosaria carlbbeana (Hedberg) 125

Hypotype, X25, USNM, No. 625797 from Sample RM 19285;

side view.
14. Keetoglaiiduliiui gallowayi paiicicostata (Cushman and

Renz) 130
Hypotype, X35, USNM, No. 625814 from Sample RM 19285;

side view.
15. lioliiiliis seiini Cushman and Renz 134

Hypotype, X25, USNM, No. 625829 from Sample RM 19820;
side view.

16. Robiihis wallacei (Hedberg) 136

IHypotype, X25, USNM, No. 625836 from Sample RM 19179;

side view of a late form showing a high degree of uncoiling.

17. Robulus wallacei (Hedberg) 136

Hypotype, X25, USNM, No. 625835 from Sample RM 19117;

side view of early form showing no uncoiling.

19. ya^inuliiiO])sis siiperlms (Cushman and Renz) 139
Hypotype, X25, USNM, No. 625850 from Sample RM 19849;

side view.
21. Itoliviiia piscit'oriiiis Galloway and Morrey 146

Hypotype, X50, USNM, No. 625892 from Sample RM 19320;
side view.

22. Bolivina pseudobeyrichi Cushman 147
Hypotype, X50, USNM, No. 625895 from Sample RM 19400;

side view.
23. Riilimina alli'u'ata (Cushman and Laiming) 149

Hypotype, X50, USNM, No. 625905 from Sample RM 19285;
side view.

25. Siphog-encrina transversa Cushman 153
Hypotype, X25, USNM, No. 625929 from Sample RM 19117;

side view.
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Explanation of Plate 7

(For figures 1, 2, 4, 5, 7-9, 11, 12. 14-17, 19, 21-23 see Plate 6; 26. 28, 29,
31, 32. 35 see Plate 8.)

Figure Page
3. Textulariji panaiiieiiisis Cushman 113

Hypotype, X50, USNM, No. 625750 from Sample RM 20131;
side view.

6. Trochammina cf. paciflca Cushman 119
Hypotype X50, USNM, No. 625777 from Sample RM 19849

;

spiral view.

10. Lageiionodosaria aoostaensis Blow, sp. nov 122
Holotype, X70, USNM, No. 625693 from Sample RM 19444;

side view.

13. Pseudoiiodosaria incisa (Neugeboren) 129
Hypotype, X70, USNM, No. 625813 from Sample RM 19117;

side view.

IS. Yagrinulina sublitnus (Nuttall) 13g
Hypotype, X50, USNM, No. 625849 from Sample RM 19117;

side view.

20. Elphidiam poeyaniim (d'Orbigny) 140
Hypotype, XlOO, USNM, No. 625858 from Sample RM 20131

;

side view.

24. Keussella spinulosa (Reuss) 152
Hypotype, XlOO, USNM, No. 625919 from Sample RM20131

j

side view.

27a-c. Gyroldinoides altiformis (R. E. and K. C. Stewart) 160
Hypotype, X70, USNM, No. 625962 from Sample RM 19285;

fig. 27a, spiral view; fig. 27b, umbilical view; fig. 27c',
side view.

30a-c. Cassigerinella chipolensis (Cushman and Ponton) 169
Hypotype, X140, USNM, No. 626007 from Sample RM 19304;

figs. 30a and 30b, opposite sides of hypotype; fig 30c'
apertural view.

'

33a-c. Globi§reriiia ang-iistinmbilicata (Bolli) 172
Hypotype, Xl40, USNM, No. 626013 from Sample RMmoV';

ng. 33a, umbilical view; fig. 33b, spiral view; fig. 33c'
side view.

34. Globigeriiia anffustiunibilioata (Bolli) 172
Hypotype, X140, USNM, No. 626014 from Sample Rm"'i95'o7;

umbilical view showing a distinct apertural lip.

36. Globig-erina bradyi Wiesner 179
Hypotype, XlOO, USNM, No. 626017 from sampie' RM mss"

side view. '
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Explanation of Plate 8

(For figures 27, 30, 33, 34, 36 see Plate 7; 37-41, 48 see Plate 9;

42, 43. 46 see Plate 10.)

Figure Page

26. Uvigerina enbana Palmer and Bermudez 155

Hypotype, X25, USxNM, No. 62593S from Sample RM 19285;

side view.

28a-c. (ivroidiiioules cf. zelandloa (Finlay) 162
Hypotyp€, X35, USNM, No. 625970 from Sample RM 19283;

fig. 28a, spiral view; fig. 28b, umbilical view; fig. 28c,

side view.

29a-b. Valvuliiieria herrieki (Hadley) 164
Hypotype, X25, USNM, No. 625980 from Sample RM 19405;

fig. 29a, spiral view; fig. 29b, umbilical view.

31a-b. Ha^tigrerina aequilateralis aequilateralis (Brady) 171

Hypotype, X50, USNM, No. 626009 from Sample RM20065;
fig. 31a, umbilical view; fig. 31b, side view.

32a-b. Hastiprerina aequilateralis involuta (Cushman) 171
Hypotype, X50, USNM, No. 626011 from Sample RM 20053;

fig. 32a, umbilical view ; fig. 32b, side view.

35a-b. (wlobig-erina apertura Cushman 172
Hypotype, X50, USNM, No. 626015 from Sample RM 19791;

fig. 35a, umbilical view; fig. 35b, spiral view.

44. Globig-erina nepenthes Todd 178
Hypotype, X50, USNM, No. 626025 from Sample RM 20026;

umbilical view.

45. Glohig'erina nepenthes Todd 178
Hypotype, X5a, USNM, No. 626027 from Sample RM 20065;

umbilical view of a late form showing Sphacroidinrlla-Wkt
tendencies.

47a-c. Glohifferina praebulloides Blow, sp. nov 180
Holotype, X70, USNM, No. 625701 from Sample RM 19285;

fig. 47a, umbilical view; fig. 47b, spiral view; fig. 47c,

side view.

49a-c. (Tloboqiiadrina dehiseens dehiscens (Chapman, Parr, and
Collins) 182

Hypotype, X50, USNM, No. 626028 from Sample RM 19285;
fig. 49a, umbilical view; fig. 49b, spiral view; fig. 49c,

side view.

50a-b. Globoqiiadrina dehiscens advena Bermudez 182
Hypotype, X50, USNM, No. 626030 from Sample RM 19285;

fig. 50a, umbilical view ; fig. 50b, spiral view.

51a-c. Oloboqnadrina altispira altispira (Cushman and Jarvis) .... 183
Hypotype, X50, USNM, No. 626032 from Sample RM 19285;

fig. 51a, umbilical view; fig. 51b, spiral view; fig. 51c,

side view.
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Explanation of Plate 9

(For figures 42, 43. 46 see Plate 10; figures 44, 45, 47 see Plate 8)

Figure Page

37a. -c. (>loI>i|^erinii hnllH)S!i LeRoy 174

Hypotype, XlOO, USNM, No. 625719 from Sample RM 19480;

fig. 37a, umbilical view; fig. 37b, spiral view; fig. 37c,

side view.

38a. -c. Globif?eriiiu biilloides d'Orblgny 175

Hypotyp'e, XlOO, USNM, No. 626019 from Sample RM 19791;

fig. 38a, umbilical view; fig. 38b, spiral view, fig. 38c,

side view.

39a-c. Globig-erimi eainesi Blow, sp. nov 176
Hoiotype, XlOO, USNM, No. 625695 from Sample RM 19778;

fig. 39a, umbilical vi'ew ; fig. 39b, spiral view; fig. 39c,

side view.

40a-c. Globifferina falooiiensis Blow, sp. nov 177
Hoiotype, XlOO, USNM, No. 625697 from Sample RM 19285;

fig. 40a, umbilical view showing well-developed apertural
lip; fig. 40b, spiral view; fig. 40c, side view.

41. (ilobigerina falconeiisis Blow, sp. nov 177
Paratype, XlOO, USNM, No. 625698 from Sample RM 19285;

umbilical view.

48. (ilobigerina praebulloides Blow, sp. nov 180
Paratype, X140, USNM, No. 625702 from Sample RM 19285;

umbilical view.
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Explanation of Plate 10

(For figures 41, 48 see Plate 9; figures 44, 45. 47. 49-51 see Plate 8;

figures 52, 53, 57-60, 62-64 see Plate 11.)

Figure Page
42a-c. (^loltiffcrina foliate Bolli 177

Hvpotype, XlOO, USNM, No. 626021 from Sample RM 19697;
tig. 42a, umbilical view; fig. 42b, spiral view; fig. 42c,

side view.

43a-b. drlohl^-erlna juvenilis Bolli 178

Hvpotype, X140, USNM, No. 62603 from Sample RM 19507;

fig. 43a, umbilical view; fig. 43b, spiral view.

46a-c. (»lol)i^•«'rilla parabulloidcs Blow, sp. nov 179

Holotype, XlOO, USNM, No. 625699 from Sample RM 19791;

fig. 46a, umbilical view showing aperture restricted in lateral

extent; 46b, spiral view; fig. 46c, side view showing the

thickened apertural margin.

54a-c. (<lnli(H|ua(Iriiia itozniieiisis Blow, sp. nov 184

Holotype, XlOO, USNM, No. 625703 from Sample RM 20065;
fig. 54a, umbilical view showing distinct umbilical tooth;

fig. 54b, spiral view showing the appressed chambers; fig.

54c, side view showing the comparatively high spire.

55,56. (iiloI»oqua(lrina pozoiieiisis Blow, sp. nov 184

Two paratypes, XlOO, USNM, No. 625704 from Sample RM
20065; fig. 55, umbilical view of a specimen showing a dis-

tinctly interiomarginai, umbilical-extraumbilical aperture;

fig. 56, umbilical view of another specimen showing distinct

umbilical tooth, appressed and slightly laterally compressed
chambers.

61a-b. (ilohigoriiinidcs friloha altiapertura Bolli 187
Hypotype, XlOO, USNM, No. 626127 from Sample RM 19152;

fig. 61a, umbilical view; fig. 61b, spiral view.

65a-c. (iloltifj-oriiioidos hollii Blow, sp. nov 189
Holotype, XlOO, USNM, No. 625717 from Sample RM 19697;

fig. 65a, umbilical \iew showing the almost circular primary
aperture and the small umbilicus; fig. 65b, spiral view show-
ing two small supplementary apertures; fig. 65c, side view
illustrating the embracing character of the chambers.
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Explanation of Plate 11

(For figures 54-56, 61, 65 see Plate 10; figures 66, 67, 69 see Plate 13.)

Figure Page

52a-c. Globoqusulrina altipsira f?lobosa BoUi 183

Hypotype, X50, USNM, No. 626034 from Sample RM 19542;

fig. 52a, umbilical view; fig. 52b, spiral view; fig. 52c,

side view.

53a-c. Globoquadrina lamieui Akers 183

Hypotype, X50, USNM, No. 625721 from Sample RM 19285;

fig. 53a, umbilical view; fig. 53b, spiral view; fig. 53c,

side view.

57a-c. Globoquadrina rohri (BoUi) 185
Hypotype, X50, USNM, No. 626036 from Sample RM 19177;

fig. 57a, umbilical view showing a distinct umbilical tooth

and the wider than usual umbilicus, also the short thick

spinas around the umbilical margin; fig. 57b, spiral view;
fig. 57c, side view.

58a-c. Globoquadrina venezuelana (Hedberg) 186
Hypotype, X50, USNM, No. 626038 from Sample RM 19188;

fig. 58a, umbilical view; fig. 58b, spiral view; fig. 58c,

side view.

59. Globoquadrina venezuelana (Hedberg) 186

Hypotype, X50, USNM, No. 626040 from Sample RM 19542;

umbilical view.

60a-b. Globig-erinoides triloba triloba (Reuss) 187
Hypotype, X50, USNM, No. 626125 from Sample RM 19285;

fig. 60a, umbilical view, note the embracing final chamber
and elongate primary aperture; fig. 60b, spiral view.

62a-b. Globigrerinoides triloba ininiatura LeRoy 188
Hypotype, X50, USNM, No. 626129 from Sample RM 19285;

fig. 62a, umbilical view; 62b, spiral view.

63a-b. Globig-erinoides triloba sacculifera (Brady) 188

Hypotype, X50, USNM, No. 626131 from Sample RM 19697;

fig. 63a, umbilical view showing fairly arched primary aper-

ture and saclike final chamber; fig. 63b, spiral view.

64. Globigrerinoides bispherica Todd 189
Hypotype, X50, USNM, No. 626133 from Sample RM 19285;

umbilical view showing the elongate slitlike character of

the primary aperture.

68a-b. Globigrerinoides obliqua Bolli 191

Hypotype, X50, USNM, No. 626041 from Sample RM 194444;
fig. 68a, umbilical view showing the elongate although arched
primary aperture and the lateral compression of the last

chamber; fig. 68b, spiral view.

70. Globigerinoides rubra (d'Orbigny) 192
Hypotype, X50, USNM, No. 626045 from Sample RM 20131;

umbilical view of a form showing a rather unusually elon-

gated primary aperture.
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Explanation of Plate 12

(For figures 80-84 see Plate 13; figures 85-87 see Plate 14.,

Figure Page

71a-c Sphaeroidinella dehlscens subdehisoens Blow, subsp. nov 195

Holotype, X50, USNM, No. 625705 from Sample RM 19514;

tig. 71a, umbilical view showing the elongate primary aper-

ture; fig. 71b, spiral view; fig. 71c, side view, note the

thickening of the outer cortex around the apertural margins.

72. Section of Sphaeroidinella dehiscens subdeliiscens Blow,
subsp. nov 195

Paratype, X140, (deposited in the author's collection), section

shows the three layers of the thick test wall.

73. Transitional form from Sphaeroidiiiella seniinulina semi-

nulina (Schwager) to .Sphaeroidinella dehiscens subdehi-
soens Blow, subsp. nov 196

X50, USNM, No. 625731 from Sample RM 19475; umbilical

view.

74, 75. Sphaeroidinella seniinulina seniinulina (Schwager) 197
Two hypotypes, X50, USNM, No. 625733 from Sample RM

19188; fig. 74, umbilical view; fig. 75, umbilical view; both

specimens are early forms, note the restricted aperture lim-

ited largely to the umbilical area and open umbilicus.

76. Sphaeroidinella seniinulina seniinulina (Schwager) 19'.

Hypotype, X50, USNM, No. 625732 from Sample RM 19367;
umbilical view.

77a-c. Sphaeroidinella seniinulina seniinulina (Schwager) 197
Hypotype, X50, USNM, No. 625727 from Sample RM 19820;

fig. 77a, umbilical view; fig. 77b, spiral view; fig. 77c,

side view.

78. Sphiieroidinella seniinulina kochi (C'audri) 198
Hypotype, X50, USNM, No. 626046 from Sample RM 19507;

umbilical view.

79. Sphaeroidinella seniinulina kochi (Caudri) 198
Hypotype, X35, USNM, No. 625729 from Sample RM 19507;

umbilical view.

88a-c. Catapsjdrax dissiniilis (Cushman and Bermudez) 203
Hypotype, X50, USNM, No. 626054 from Sample RM 19177;

iig. 88a, umbilical view; fig. 88b, spiral view; fig. 88c,

side view.

89. t'atapsjdrax dissiniilis (Cushman and Bermudez) 203
Hypotype, X50, USNM, No. 626055 from Sample RM 19117;

umbilical view of a specimen showing a small bulla.

90, Catapsjdrax dissimilis (Cushman and Bermudez) 203
Hypotype, X50, USNM, No. 626055 from Sample RM 19117;

umbilical view of a specimen showing a large bulla.
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Explanation of Plate 13

(For figures 68. 70 see Plate 11; figures 71-79 see Plate 12.)

Figure Pa^e

66a-b. Globifyerinoides (liminutD Bolli 191

Hypotype, XlOO, USNM, No. 626135 from Sample RM 19285;

fig. 66a, umbilical view; fig. 66b, spiral view; both views

showing the quadrate test outline and the embracing nature

of the chambers.

67. Globig-erinoides mitra Todd 191

Hypotype, X50, USNM, No. 626137 from Sample RM 19507;

side view.

69a-b. Globiperinoides rubra (d'Orbigny) 192

Hypotype, XlOO, USNM, No. 626043 from Sample RM 19285;

fig. 69a, umbilical view, note the position of the primary-

aperture with respect to the suture between the penultimate

and antepenultimate chambers; fig. 69b, spiral view.

80. Biorbulina bilobata (d'Orbigny) 199
From Sample RM19280; X60, spiral view of a primitive form.

81. Biorbulina bilobata (d'Orbigny) 199

From Sample RM 19304; ? spiral view of a later form which
does not show any external trace of the antepenultimate and
earlier chambers; X40.

82a-b. Orbulina suturalis Bronnimann 200
From Sample RM 19293; fig. 82a, side view; fig. 82b, spiral

view ; X6a.

83. Orbulina universa d'Orbigny 200
From Sample RM 19293; ? spiral view; X60.

84a-b. Portleulasphaera g-lonierosa eurva (Blow) 201
Reproduction of holotype, X60, Cushman Coll. No. 64587 from

Sample RM 19285; fig. 84a, side view; fig. 84b, spiral view.
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Explanation of Plate 14

(For figures 88-90 see Plate 12.)

Figure Page

85a-b. Porticulaspliju'ra frloiiiorosa uluiiierosa (Blow) 202

Reproduction of holotype, X60, Cushman Coll., No. 64585 from
Sample RM 19285; fig. 85a, side vi-ew; fig. 85b, spiral view.

S6a-b. r<)rticulasi>haera s'loiiiorosa circularis (Blow) 202
Reproduction of holotype, X60, Cushman Coll., No. 64589 from

Sample RM 19285; fig. 86a, side view; fig. 86b, spiral view.

87a-b. rorticulasphaera traiisitoria (Blow) 202
Reproduction of holotype, X60, Cushman Coll., No. 64591 from

Sample RM 19280; fig. 87a, side view; fig. 87b, spiral view.

91a-c. Catapsvdrax stainfortlil BoUi, Loeblich, and Tappan 204

Hypotype, XlOO, USNM, No. 626056 from Sample RM 19152;

fig. 91a, umbilical view; fig. 91b, spiral view; fig. 9Ic,

side view.

92. Catapsjdrax staiiifortlii Bolli, Loeblich, and Tappan 204
Hypotype, XlOO, USNM, No. 626057 from Sample RM 19152;

umbilical view.

93. Catapsjdrax stainfortlil Bolli, Loeblich, and Tappan 204
Hypotype, XlOO, USNM, No. 626057 from Sample RM 19152;

umbilical view of a specimen showing five infralaminal
apertures.
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Explanation of Plate 15

Figure Pag:e

94a-c. Catapsjdrax unieaviis Belli, Loeblich, and Tappan 204

Hypotype, XlOO, USNM, No. 626058 from Sample RM 19117;

fig. '94a, umbilical view; fig. 94b, spiral view, fig. 94c,

side view.

95. Glohig'erinatella iiisueta Cushman and Stainforth 205

Hypotype, XlOO, USNM, No. 626061 from Sample RM 19117;

side view of a primitive form only showing a single pri-

mary bulla.

96. Globig-erinatella insueta Cushman and Stainforth 205

Hypotype, XlOO, USNM, No. 626060 from Sample RM 19188;

umbilical view of a specimen with the last chamber partly

removed and showing the supplementary sutural and areal

apertures of the earlier ontogenetic stages.

97. Olobigeriiiatella insueta Cushman and Stainforth 205

Hypotype, XlOO, USNM, No. 626060 from Sample RM 19188;

side view of a specimen showing uncovered areal apertures

in the primary bulla and secondary bulla covering the in-

fralaminal apertures along the contact suture between the

primary bulla and the true primary chambers.

98. (ilobig-eriiiatella insueta Cushman and Stainforth 205

Hypotype, XlOO, USNM, No. 626059 from Sample RM 19188;

side view showing primary and secondary bullae.

99a-c. Globigrerinita napariniaensis naparimaensis Bronnimann .... 206

Hypotype, X140, USNM, No. 626062 from Sample RM 19304;

fig. 99a, umbilical view; fig. 9'^b, spiral view; fig. 99c,

side view.

100. Globifirerinita naparimaensis incrusta (Akers) 206
Hypotype, X140, USNM, No. 625723 from Sample RM 19285;

umbilical view showing absence of infralaminal apertures
except those in line with the sutures between the primary
chambers.

101. Globig-erinita napariniaensis incrusta (Akers) 206
Hypotype, X140, USNM, No. 625724 from Sample RM 19285;

umbilical view of a specimen showing a small bulla.

102a-c. Globigrerinoita moruf^aensis Bronnimann 207
Hypotype, X140, USNM, No. 626064 from Sample RM 19697;

fig. 102a, umbilical view showing large umbilical bulla ; fig.

102b, spiral view; fig. 102c, side view showing the presence
of the two bullae, i.e., spiral and umbilical.
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Explanation of Plate 16

(For figures 106-112. 115 see Plate 17; figures 116-120 see Plate 18;

figures 121-126. 128 see Plate 19.)

Figure Page

103a-c. (iloborotaloides varialillis Belli 208

Hypotype, X50, USNM. No. 626066 from Sample RM 19697;

fig. 103a, umbilical view showing the bulla-like final cham-
ber; fig. 103b, spiral view; fig. 103c, side view.

104, 105. (iloborotjiloides variabilis BoUi 208

Two hvpotypes, X50, USNM, No. 626067, both specimens

from Sample RM 19697; fig. 104, umbilical view showing
intermediate Globiz/rrina-stage ; fig. 105, umbilical view of

a different specimen showing early Globorotalia-f,\.3.%e.

Note: both specimens dissected from a form similar to

that illustrated in figs. 103a-c.

113a-c. (iloborotalia fohsi lobatii Bermudez 213
Hypotype, X50, USNM, No. 626074 from Sample RM 19426;

fig. 113a, spiral view; fig. 113b, umbilical view; fig. 113c,

side view.

114a-c. (llobon>talia fohsi robusta Bolli 213
Hypotype, X50, USNM, No. 626076 from Sample RM 19470;

fig. 114a, spiral view; fig. 114ii, umbilical view; fig. 114c,

side view.

127a-c. tiioborotalia scitula g-igaiitea Blow, subsp. nov 220
Holotype, X50, USNM, No. 625715 from Sample RM 19480;

fig. 127a, spiral view; fig. 127b, umbilical view showing
pustules; fig. 127c, side view.

129a-b. Hasti^prinella bermudezi Bolll 222
Hypotype, X50, USNM, No. 626095 from Sample RM 19290;

fig. 129a, umbilical view; fig. 129b, spiral view.

130. HastJg-oriiiella boniiiidezi Bolli 222
X50, USNM, No. 626096 from Sample RM 19290; umbilical

view of an immature form showing the lipped interiomar-
ginal, umbiiical-extraumbilicai aperture.
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Explanation of Plate 17

(For figures 113, 114 see Plate 16.)

Figure Page

106a-c. Globorotalia acostaensis Blow, sp. nov 208
Holotype, XlOO, USNM, No. 625707 from Sample RM 19791;

fig. 106a, umbilical view showing the distinctive apertural

lip; fig. 106b, spiral view showing the inflated nature of

the chambers; fig. 106c, side view showing the final cham-
ber reduced in size as compared with the penultimate
chamber, also the parallel-sided nature of the test.

107. Globorotalia acostaensis Blow, sp. nov 208
Paratype, XlOO, USNM, No. 625708 from Sample RM 19791;

umbilical view of a specimen showing the last chamber
displaced towards the umbilical side.

108a-c. Globorotalia bimag'eae Blow, sp. nov 210
Holotype, Xl+0, USNM, No. 625709 from Sample RM19285;

fig. 108a, spiral view; fig. 108b, umbilical view showing
the closed umbilicus and distinctive apertural lip; fig. 108c,

side view.

109a-c. Globorotalia cf. canariensis (d'Orbigny) 211
Hypotype, XlOO, USNM, No. 626068 from Sample RM 19804;

fig. 109a, spiral view; fig. 109b, umbilical view; fig. 109c,

side view.

110. Globorotalia fohsi barisanensis (LeRoy) 212
Hypotype, XlOO, USNM, No. 626071 from Sample RM19188;

spiral view.

llla-c. Globorotalia fohsi barisanensis (LeRoy) 212
Hypotype, XlOO, USNM, No. 626069 from Sample RM19304;

fig. Ilia, spiral view; fig. 111b, umbilical view; fig. 111c,

side view.

112a-c. Globorotalia fohsi fohsi Cushman and Ellisor 212
Hypotype, XlOO, USNM, No. 626072 from Sample RM 19367;

fig. 112a, spiral view; fig. 112b, umbilical view; fig. 112c,
side view.

115a-c. Globorotalia len^aensis BoUi 213
Hypotype, XlOO, USNM, No. 626078 from Sample RM19507;

fig. 115a, spiral view; fig. 115b, umbilical view; fig. 115c,
side view.
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Explanation of Plate 18
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116a-c. Globorotalia majeri Cushman and Ellisor 214

Hypotype, XlOO' USNM, No. 626080 from Sample RM19188;

fig. 116a, spiral view; fig. 116b, umbilical \iew ; fig. 116c,

side view.

117a-c. (liloborotalia iiienardii archeomeiiardii (BoUi) 214

Hypotype, XlOO, USNM, No. 626082 from Sample RM 19280;

117a, spiral view; fig. 117b, umbilical view; fig. 117c,

side view.

118a-c. Globorotalia nieiiardii praemenardii (Cushman and Stain-

forth) 215

Hypotype, XlOO, USNM, No. 626084 from Sample RM19367;

fig. 118a, spiral vie\v ; fig. 118b, umbilical view; fig. 118c,

side view.

119a-c. (ilohorotalia iiieiiardii ineiiardii (d'Orblgny) 215
Hypotype, XlOO, USNM, No. 626087 from Sample RM19470;

fig. 119a, spiral view; fig. 119b, umbilical view; fig. 119c,

side view.

120a-c. Globorotalia iiienardii inenardii (d'Orbigny) 215
Hypotype, XlOO, USNM, No. 626086 from Sample RM 19507;

fig. 120a, spiral view; fig. 120b, umbilical view; fig. 120c,

side view.



ULL. Amer. Paleont., Vol. 39 Plate 18

120c



Bull. Amer. Paleont., Vol. 39 Plate 19

28b 128c



TOCUYOAND POZON FORMATIONSVENEZUELA: BlOW 251

Explanation of Plate 19

(For figures 127, 129, 130 see Plate 16.)
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121a-c. Globorotalia nien<ar(lii miocenica Palmer 216
Hypotype, XlOO, USNM, No. 626088 from Sample RM 19791

;

fig. 121a, spiral view; fig. 121b, umbilical view; fig. 121c',
side view.

122a-c. Globorotiiliii ininiiuii (Akers) 217
Hypotype, XlOO, USNM, No. 625725 from SampieRM 19285

;

fig. 122a, spiral view; fig. 122b, umbilical view; fig. 122c',
side view^

123a-c. Globorotalia iiiiinitlssliiia Bolli 218
Hypotype, XlOO, USNM, No. 626089 from Sample Rm" 19304 "•

fig. 123a, spiral view; fig. 123b, umbilical view; fig. 123c'
side view.

'

124a-c. Globorotalia obesa Bolli 218
Hypotype, XlOO, USNM, No. 62609

1"

"from" "s ample"RMT9480-
fig. 124a, spiral view; fig. 124b, umbilical view; fig. 124c
side view.

125a-c. Globorotalia opima continuosa Blow, subsp nov 218
Holotype, XlOO, USNM, No. 625711 from Sample RMi'9542"-

fig. 125a, spiral view; fig. 125b, umbilical view; fig. 125c'
side view. '

126a-c. Globorotalia scitiila soitula (Brady) 219Hypotype, XlOO, USNM, No. 626093 from "Sampi.e"RM"l9'367'"
fig. 126a, spiral view; fig. I26b, umbilical view; fig. I26c'
side view. '

128a-c. Globorotalia scitula praescitula Blow, subsp nov 221
Holotype, XlOO, USNM, No. 625713 from Sample RM"l'915"2""-

fig. 128a, spiral view; fig. 128b, umbilical view fig 128c'
side view.
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